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Abstract 

"N  \ 

'^Estimates  of  the  maintenance  manpower  requirements  of  a  planned 
F-15  Tactical  Fighter  Training  Wing  operating  in  a  peacetime  environment 
were  requested  by  Tactical  Air  Command.  The  Logistics  Composite  Model 
(LCOM),  a  computer  simulation,  was  used  in  conjunction  with  the  Moody 
Regression  and  Moody  Manpower  programs  to  estimate  these  requirements. 

A  more  efficient  method,  using  statistical  tests  of  hypothesis,  was 
developed  for  determining  steady  state  in  the  simulation  model.  Using 
this  method,  steady  state  conditions  were  found  to  exist,  in  most  cases, 
at  the  end  of  the  first  simulated  day.  An  estimate  was  made  of  the 
autocorrelation  present  in  each  set  of  simulation  output  data.  Then, 
correcting  for  this  autocorrelation,  statistical  Confidence  intervals 
were  constructed  for  the  manpower  estimates.  By  simulating  at  various 
levels  of  flying  activity  and  with  various  constraints  on  resource 
availability,  manpower  requirements  were  found  to  be  relatively  insensi¬ 
tive  to  these  constraints  at  low  sortie  rates  and  more  sensitive  at 
higher  sortie  rates.  The  authors  suggest  that  the  construction  of 
statistical  confidence  intervals  and  the  methodology  developed  in  this 
study  for  determining  steady  state  should  be  given  serious  consideration 
in  future  LCOM  manpower  studies.-  „  '  .r1 .  I 
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Preface 


This  thesis  represents  the  first  detailed  Logistics  Composite  Model 
(LCOM)  analysis  of  United  States  Air  Force  (USAF)  peacetime  flying  opera¬ 
tions.  In  the  study,  we  have  attempted  to  shed  light  on  the  statistical 
and  sensitivity  inferences  of  the  manpower  estimation  process.  Hope¬ 
fully,  our  efforts  will  allow  the  LCOM  community  to  achieve  greater 
statistical  accuracy  with  LCOM. 
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I.  INTRODUCTION 


Estimation  of  the  maintenance  manpower  necessary  to  support  desired 
flying  activities  in  various  United  States  Air  Force  (USAF)  organiza¬ 
tions  is  a  continuing  problem.  As  new  aircraft  enter  the  inventory  and 
as  procedures  change,  there  exists  a  recurring  need  for  reliable  esti¬ 
mates  of  the  maintenance  manpower  necessary  to  support  desired  levels 
of  flying  activity  efficiently.  These  estimates  aid  USAF  managers  in 
allocating  maintenance  manpower  to  new  or  existing  flying  units  and 
insuring  combat  readiness. 

Background 

One  method  which  has  been  used  successfully  to  estimate  these 
maintenance  manpower  requirements  involves  the  use  of  the  Logistics 
Composite  Model  (LCOM).  The  LCOM  is  a  USAF  computer  simulation  language 
designed  to  model  USAF  base  level  aircraft,  maintenance,  and  support 
functions  (Ref  33).  Specifically,  the  model  can  be  used  to  estimate 
maintenance  manpower  requirements  for  a  USAF  flying  wing  at  specified 
levels  of  flying  activity. 

Two  previous  Air  Force  Institute  of  Technology  ( AF IT)  theses  have 
addressed  LCOM  estimation  of  maintenance  manpower  requirements:  Green 
and  Rumple  constructed  an  LCOM  simulation  to  evaluate  the  effects  of 
alternative  operational,  maintenance,  and  supply  policies  on  remotely 
piloted  vehicle  (RPV)  maintenance  manning  (Ref  1 4:  i i ) .  Fritz  and  Yates 
used  LCOM  to  simulate  the  interaction  of  the  RPV,  the  launch  aircraft, 
and  the  recovery  helicopter  (Ref  13: ii). 

Tactical  Air  Coiimand  (TAC)  used  LCOM  to  estimate  maintenance  man¬ 
power  requirements  for  their  F-4,  A-7,  A-10,  F-15,  and  F-16  aircraft 


(Ref  23).  However,  TAC  conducted  the  majority  of  these  studies  using  3 
wartime  operational  environment  and  devoted  little  attention  to  a  peace¬ 
time  environment.  Consequently,  TAC  suggested  that  AF1T  students  con¬ 
sider  a  peacetime  LCQM  study  as  a  possible  graduate  thesis  topic  iRef 
29)  and  offered  to  make  available  an  on-the-scene  technical  advisor  to 
assist  in  making  such  a  study  meet  TAC  requirements. 

Each  of  these  previous  LCQM  studies  simulated  concurrent  flying  and 
maintenance  activity.  That  is,  aircraft  maintenance  was  performed  only 
on  days  of  scheduled  flying  operations.  In  a  wartime  environment,  this 
practice  is  acceptable  since  aircraft  missions  are  scheduled  seven  days 
a  week.  However,  this  practice  has  one  major  drawback:  -if  a  high  level 
of  flying  activity  is  scheduled,  the  aircraft  maintenance  organization 
may,  at  times,  become  overloaded  with  work.  This  causes  a  temporary 
decrease  in  flying  activity  until  the  maintenance  organization  clears 
out  the  backlogged  work. 

In  a  peacetime  environment,  flying  operations  are  normally  scheduled 
Monday  through  Friday.  During  high  levels  of  flying  activity,  the  main¬ 
tenance  organization  continues  to  perform  its  functions  on  weekends  in 
order  to  alleviate  backlogged  work.  In  this  manner,  the  maintenance 
complex  can  usually  keep  stride  with  the  weekly  flying  operations  and 
the  day  to  day  level  of  flying  activity  remains  fairly  constant. 

In  this  thesis,  the  authors  use  LCOM  to  model  a  peacetime  flying 
environment.  The  model  simulates  a  Monday  through  Friday  flying  schedule 
and  a  seven  day  maintenance  work  week. 


Thesis  Objectives 


A  need  exists  to  expand  F - 1 5  LCOM  estimation  of  maintenance  man¬ 


power  requirements  to  include  the  peacetime  operational  environment 
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(Ref  29).  Furthermore,  previous  LCOM  manpower  studies  have  not  empha¬ 
sized  statistica1  analysis  of  the  output  data. 


In  this  thes  ,  the  authors  use  LCOM  to  estimate  the  maintenance 
manpower  requirements  for  an  F-15  Tactical  Fighter  Training  Wing  (TFTw) 
with  72  unit  equipment  (U.E.)  aircraft  operating  in  a  peacetime  environ¬ 
ment.  In  addition,  they  construct  statistical  confidence  intervals 
around  the  resulting  estimates  of  maintenance  manpower  requirements. 
Finally,  the  authors  investigate  the  sensitivity  of  manpower  require¬ 
ments  to  variations  in  availability  of  aircraft  parts  and  support  equip¬ 
ment. 

Thesis  Scope 

The  LCOM  peacetime  environment  is  determined  by  TAC  Training 
Syllabus  Course  Numbers  FI 500  B,I,  and  TX  (Ref  30)  requirements.  These 
publications  specify  the  flying  training  activity  for  F-15  pilot  upgrade 
training  which  is  the  primary  mission  of  a  TFTW.  The  58th  TFTW  located 
at  Luke  Air  Force  Base  (AFB),  Arizona  currently  uses  these  syllabi  for 
all  F-15  pilot  upgrade  training  and  is  the  base  case  for  determining  the 
peacetime  F-15  LCOM  operation  and  maintenance  procedures. 

Overview 

The  remainder  of  the  thesis  consists  of  five  chapters.  The  LCOM 
chapter  describes  the  Logistics  Composite  Model  and  Moody  Manpower/ 
Regression  Programs.  The  Data  Base  chapter  describes  the  maintenance 
and  operations  data  base.  The  Methodology  chapter  lays  the  groundwork 
for  this  study's  estimation  of  manpower  requriements .  The  Analysis  and 
Results  chapter  contains  the  manpower  estimations  and  describes  their 
sensitivity  to  variations  in  aircraft  spare  parts  and  support  equipment. 


Final 1y,  the  Conclusions  and  Recommendati 
thesis  findings. 


ons  chapter  summarizes  the 
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II.  LCOM  MANPOWER  ESTIMATION 


Rather  than  present  a  detailed  description  of  the  LCOM  process,  this 
chapter  introduces  simplified  LCOM  concepts  which  form  a  basis  for  the 
remainder  of  the  thesis.  Further  detail  concerning  LCOM  can  be  found  in 
Drake  (Ref  7  and  8)  and  Tetmeyer  (Ref  33).  The  LCOM  manpower  estimation 
process  uses  the  Logistics  Composite  Model,  the  Moody  Regression  Program, 
and  the  Moody  Manpower  Program  (Ref  7,  8,  and  33).  The  interaction  of 
these  computer  programs  produces  a  complete  basic  manning  document  for  a 
USAF  maintenance  organization. 


Figure  1.  LCOM  and  Moody  Regression/Manpower  Program  Relationship 


Figure  1  depicts  the  interrelationship  of  LCOM  and  the  Moody  Regres¬ 
sion/Manpower  Programs.  The  Logistic  Composite  Model  estimates  mainte¬ 
nance  manpower  requirements  for  specified  levels  of  flying  activity.  The 
Moody  Regression  Program  uses  these  estimates  and  regression  techniques 
to  predict  maintenance  manpower  requirements  for  a  wide  range  of  flying 
activity.  The  Moody  Manpower  Program  uses  the  LCOM  estimates  and  Regres¬ 
sion  predictions  to  produce  a  complete  basic  manning  document  for  a  USAF 
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The  operations  and  maintenance  data  bases  represent  the  respective  air¬ 
craft  flying  operations  and  maintenance  characteristics.  Resource 


constraints  consist  of  specified  quantities  of  men  by  Air  Force  Specialty 
Code  (AFSC),  aircraft  spare  parts,  and  support  equipment.  The  perform¬ 
ance  summary  reports  depict  statistical  summaries  of  the  simulation  re¬ 
sults.  Finally,  the  manpower  matrices  illustrate  the  daily  distribution 
of  manpower  requirements  (by  AFSC). 

Figure  3  shows  how  LCOM  uses  the  flying  operations  schedule,  main¬ 
tenance  functions,  and  resource  constraints  to  simulate  a  sequence  of 
maintenance  activities.  When  the  flying  schedule  calls  for  aircraft  to 
start  mission  preparation,  LCOM  designates  aircraft  from  the  available 
aircraft  pool  for  the  mission.  Each  aircraft  then  processes  through  the 
preflight  to  postflight  check  blocks. 

During  this  processing,  LCOM  uses  men,  spare  parts,  and  support 
equipment  as  needed  to  perform  maintenance  functions.  If  all  available 
manpower  is  already  performing  aircraft  maintenance,  LCOM  delays  the 
next  mission  until  maintenance  manpower  is  available.  If  the  aircraft 
are  ready  for  launch  at  their  scheduled  takeoff  time,  the  missions  fly 
for  the  specified  mission  length  and  then  return  for  processing  through 
the  postflight  check  block.  After  postflight,  LCOM  places  the  aircraft 
in  the  available  aircraft  pool. 

The  LCOM  also  maintains  a  failure  clock  on  each  aircraft  subsystem.  - 
These  clocks  use  an  exponential  failure  distribution  to  determine  the 
number  of  sorties  flown  until  corrective  maintenance  for  their  respective 
subsystems.  Since  LCOM  does  not  simulate  in-flight  activity,  it  checks 
the  failure  clocks  only  during  preflight  and  postflight.  If  the  number 
of  sorties  flown  equals  a  particular  subsystem's  clock  value,  LCOM  lists 
that  component  as  failed  and  ceases  mission  processing.  The  failed  com¬ 
ponent  then  processes  through  the  corrective  maintenance  block  and  uses 
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LCOM  Simulation  of  Maintenance  Activities 


men,  spare  parts,  and  support  equipment  as  necessary  to  perform  the  cor¬ 
rective  maintenance.  Upon  completion  of  all  corrective  maintenance 
activity,  LCOM  allows  the  aircraft  to  continue  with  mission  processing. 
However,  if  corrective  maintenance  delays  an  aircraft  beyond  its  sched¬ 
uled  takeoff  time,  LCOM  cancels  the  corresponding  mission  and  returns 
the  respective  aircraft  to  the  available  aircraft  pool. 

The  following  description  of  LCOM's  preprocessor,  main,  and  post¬ 
processor  programs  more  clearly  defines  the  simulation  process. 

Preprocessor  Program.  The  preprocessor  program  translates  and 
organizes  the  maintenance  and  operations  data  bases  for  the  main  program. 
During  data  translation,  the  program  scans  the  data  base  for  inconsis¬ 
tencies  and  provides  error  diagnostic  messages  for  data  ambiguities 
(Ref  7:  Chap.  II,  p.l).  In  some  cases,  the  program  makes  computer  logic 
assumptions  when  it  finds  minor  data  errors  concern ing  user  Intentions 
and  provides  a  message  specifying  the  data  ambiguity  and  corresponding 
program  assumption.  This  feature  prevents  an  unnecessary  computer  abort 
for  minor  data  errors. 

The  LCOM  maintenance  data  base  consists  of  a  weapon  system’s 
scheduled  and  unscheduled  maintenance  procedures,  major  components  (parts), 
component  failure  frequencies,  mean  service  and  repair  times,  and  resource 
(men,  part,  support  equipment)  requirements.  This  data  represents  the 
maintenance  environment  of  an  LCOM  simulation  (Ref  33:30). 

During  data  base  formulation,  the  user  graphically  depicts  the 
maintenance  environment  using  LCOM  networks  (Ref  33:28).  These  networks 
define  maintenance  relationships  within  the  data  base.  Figure  4  illus¬ 
trates  a  simplified  LCOM  main  network  and  corrective  maintenance  network 
for  an  aircraft  mission. 
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In  an  LCOM  network,  tasks  represent  the  scheduled  and  unscheduled 
maintenance  procedures.  These  tasks  are  connected  by  network  nodes 
(Ref  33:32).  For  example,  nodes  AA1/AA2,  in  Figure  4,  define  a  FUEL  task 
The  user  also  specifies  the  men  (by  Air  Force  Specialty  Code),  support 
equipment,  and  service  or  repair  time  necessary  to  complete  a  task.  If 
a  task  resource  is  not  available,  LCOM  will  delay  processing  the  air¬ 
craft  mission  beyond  the  guilty  task  until  the  constraining  resource 
becomes  available.  For  example,  the  FUEL  task  requires  two  men  (AFSC 
431X1),  one  fuel  truck,  and  five  minutes. 

Every  weapon  system  is  composed  of  many  major  components  or  parts. 
The  work  unit  code  (WUC)  manual  for  the  particular  weapon  system  numer¬ 
ically  defines  each  of  these  parts.  The  LCOM  maintains  a  failure  clock 
for  each  major  component  in  the  maintenance  network  (Ref  33:36).  For 
example,  nodes  M1/M2,  in  Figure  4,  define  the  failure  clock  for  the  UHF 
radio  (F63A00).  The  user  assigns  each  failure  clock  a  failure  frequency 
parameter.  He  determines  this  parameter  by  analyzing  failure  rates  of 
corresponding  real  life  weapon  system  components.  Mean  sorties  between 
maintenance  action  (MSBMA)  is  the  most  common  parameter  (Ref  33:56). 

In  Figure  4,  F63A00  has  a  MSBMA  equal  to  10  sorties.  At  the  completion 
of  an  aircraft  mission,  the  failure  clock  for  each  component  in  that 
mission  main  network  advances  one  sortie. 

The  LCOM  allows  the  user  to  specify  the  percent  of  time  a  major  com¬ 
ponent  fails  before  or  after  mission  launch  through  the  use  of  a  clock 
decrement  task  (Ref  33:37).  Nodes  AA4/AA5,  in  Figure  4,  define  the 
clock  decrement  task  prior  to  launch  (DCRMT1)  while  nodes  AA12/AA13 
define  the  clock  decrement  task  after  launch  (DCRMT2)  for  the  UHF  radio. 
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Figure  4.  LCOM  Maintenance  Network 
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For  example,  DCRMT1  advances  F63A0Q  tnree-fourtn  sortie  and  DCRMT2 
advances  F63A00  one-fourth  sortie  for  a  one  sortie  advance  of  the  UHf 
radio  clock  by  the  completion  of  a  processed  aircraft  mission. 

Certain  component  failures  in  an  LCOM  network  are  not  sortie  related. 
In  these  cases,  the  failure  clock  u$es  a  parameter  other  than  MSBMA  and 
the  decrement  task  advances  the  failure  clock  by  an  adjusted  amount 
independent  of  a  sortie.  One  example  is  the  gun  on  a  tactical  aircraft. 
Periodic  gun  maintenance  is  usually  based  on  number  of  expended  ammuni¬ 
tion  rounds.  In  this  case,  the  failure  clock  uses  rounds  fired  as  a 
parameter  and  the  decrement  task  advances  the  clock  a  certain  number  of 
rounds  each  mission  sortie. 

The  LCOM  interrogates  a  failure  clock  via  a  Call  task  (Ref  33:36). 
Nodes  AA5/AA6  and  AA13/AA14,  in  Figure  4,  define  the  Call  task  (CALLS1) 
for  the  UHF  radio  failure  clock  (F63AQ0).  Each  time  LCOM  processes  a 
mission  through  a  Call  task,  the  Model  checks  the  corresponding  clock  to 
see  if  it  has  advanced  to  its  MSBMA  parameter.  If  the  clock  has  advanced 
to  this  parameter,  LCOM  marks  that  component  as  failed  and  stops  proces¬ 
sing  the  aircraft  mission.  At  the  same  time,  the  model  begins  processing 
the  failed  component  through  its  respective  corrective  maintenance  net¬ 
work.  In  Figure  4,  LCOM  processes  the  UHF  radio  through  the  UHF  radio 
corrective  maintenance  network  after  F63A00  advances  10  sorties. 

Within  the  corrective  maintenance  network,  LCOM  allows  the  user  to 
specify  which  subsystem(s)  caused  the  component  failure  and  who  fixes 
the  subsystem(s) .  The  model  accomplishes  this  function  with  G  and  E 
probability  distributions  (Ref  33:62-65). 

A  G  probability  is  a  nonmutually  exclusive  probability  that  deter¬ 
mines  which  subsystem(s)  caused  the  component  failure.  Since  the  G 


probability  is  nonmutually  exclusive,  either  one  or  more  than  one  sud- 
system  can  cause  a  component  failure.  In  Figure  4,  there  exists  a  .4 
probability  that  the  receiver  (nodes  M4/M5)  caused  the  radio  failure,  a 
.5  probability  that  the  transmitter  (nodes  M8/M9)  caused  the  radio  fail¬ 
ure,  and  an  inferred  .1  probability  that  both  the  receiver  and  trans¬ 
mitter  caused  the  radio  failure. 

An  E  probability  is  a  mutually  exclusive  probability  that  deter¬ 
mines  who  fixes  the  broken  subsystem(s) .  Since  the  E  probability  is 
mutually  exclusive,  Flight  Line  Repair  (node  M6)  or  Shop  Repair  (node  M7), 
but  not  both,  can  fix  the  receiver.  In  Figure  4,  there  exists  a  .7 
probability  that  Shop  Repair  fixes  the  receiver  and  a  .3  probability  that 
Flight  Line  Repair  fixes  the  receiver. 

If  Shop  Repair  fixes  the  receiver,  LCQM  immediately  generates  a  new 
part  from  supply  stock  and  allows  the  aircraft  mission  to  continue  pro¬ 
cessing  through  its  main  network.  After  Shop  Repair  fixes  the  receiver, 
LOOM  returns  the  repaired  receiver  to  supply  stock. 

After  constructing  the  LCOM  networks,  the  user  transcribes  this 
information  onto  LCOM  Extended  Forms  11  (Ref  33:32-36).  He  then  trans¬ 
fers  this  data  to  a  computer  card  deck.  This  card  deck  is  the  completed 
maintenance  data  base.  Figure  A-l  in  Appendix  A  contains  a  sample  LCOM 
Extended  Form  11. 

The  operations  data  base  consists  of  the  aircraft  daily  flying  and 
maintenance  schedules.  These  schedules  form  the  operational  scenario  for 
an  LCOM  simulation. 

The  flying  schedule  contains  the  aircraft  mission  type,  number  of 
primary  aircraft  for  each  mission,  mission  takeoff  time,  mission  cancel 
time,  and  flight  duration.  Missions  with  similar  configurations,  flight 
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time,  preflight  and  postflight  servicing,  and  maintenance  crew  require-  j 

4 

ments  are  grouped  under  a  single  LCOM  mission  type  (Ref  33:16),  since  \ 
LCOM  only  simulates  ground  activity.  As  far  as  LCOM  is  concerned,  flight^; 
time  is  that  time  which  an  aircraft  is  unavailable  for  maintenance. 

The  maintenance  schedule  specifies  the  number  of  spare  aircraft  per  ; 

i 

mission  type,  missions  that  fly  more  than  once  during  the  day  (preflight  . 
to  thru-flight),  and  number  of  phase  inspections  and  aircraft  washes. 

The  user  designs  the  operational  scenario  for  a  specified  level  of  i 
flying  activity.  This  level  of  activity  is  usually  designated  as  air-  5 
craft  sortie  rate.  Equation  (1)  defines  sortie  rate.  ! 


sortie  rate 


sorties/day 


aircraft  U. E.  size 


(1) 


The  U.E.  size  is  the  number  of  authorized  aircraft  assigned  to  a  unit. 
Sorties  per  day  may  be  either  scheduled  sorties  or  accomplished  sorties. 
During  the  planning  stage,  the  user  bases  the  operational  scenario  on  a 
scheduled  aircraft  sortie  rate.  After  an  LCOM  simulation,  the  user 
computes  an  accomplished  aircraft  sortie  rate. 

The  user  records  the  completed  operational  scenario  onto  LCOM  Forms 
20  (Ref  33:17)  prior  to  transferring  the  information  to  a  computer  card 
deck.  The  punched  card  deck  represents  the  operational  data  base. 
Appendix  B  contains  three  operational  scenarios  based  on  scheduled 
sortie  rates  of  .43,  .74,  and  1.0. 

Main  Program.  The  main  program  simulates  maintenance  and  opera¬ 
tions  data  base  interaction.  During  this  interaction,  the  main  program 
uses  available  resources  to  prepare  scheduled  maintenance  and  flying 


activity.  The  program  processes  each  mission  type  through  its  respective 
main  network  while  simulating  all  required  maintenance  tasks. 

The  preprocessor  translated  maintenance  data  base  contains  uncon¬ 
strained  maintenance  manpower,  aircraft  spare  parts,  and  support  equip¬ 
ment.  When  these  resources  are  left  unconstrained,  the  main  program  has 
little  difficulty  complying  with  the  operations  data  base's  scheduled 
sortie  rate  provided  sufficient  time  is  allowed  between  scheduled  missions 
for  postflight  and  preflight  maintenance  tasks.  If  resources  are  con¬ 
strained,  the  main  program  delays  mission  types,  as  necessary,  when  men, 
spare  parts,  and/or  support  equipment  are  unavailable.  If  a  mission  delay 
exceeds  its  cancel  time,  the  program  cancels  the  guilty  mission.  To 
constrain  these  resources,  the  user  submits  a  series  of  computer  cards  to 
the  main  program  prior  to  simulation.  Each  card  specifies  the  number  of 
maintenance  men  by  AFSC  and  work  shift,  quantity  of  spare  parts  by  WUC, 
and/or  quantity  of  support  equipment  available  during  the  LCOM  simulation 
(Ref  33:123). 

After  simulation,  the  main  program  provides  statistical  data  in  the 
form  of  Performance  Summary  Report  (PSR).  These  reports  include  the 
number  of  flying  hours,  number  of  sorties  requested,  number  of  sorties 
accomplished,  manhours  (by  AFSC)  used,  manhour  utilization  rate  (by  AFSC), 
and  parts  (by  WUC)  consumed,  generated,  or  backordered  (Ref  7,  Chap.  II, 
p.  3).  The  user  specifies  the  interval  and  number  of  PSR's  desired 
prior  to  simulation.  Figures  C-l  and  C-4  in  Appendix  C  contain  sample 
PSR's.  The  PSR's  are  used  to  evaluate  the  effects  of  main  program  simu¬ 
lation.  For  example,  the  user  can  compare  scheduled  and  accomplished 
sortie  rates  to  determine  the  effect  of  resource  constraints  on  the 
simulation  . 
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Postprocessor  Program.  The  postprocessor  proofs.,,  produces  manpower 

matrices  for  each  AFSC.  These  manpower  matrices  depict  how  dn  AFSC  work-  S 

— * 

load  varies  with  the  time  of  day  (Ref  33:121).  Figures  C-2,  C-3,  C-5, 
and  C-6  in  Appendix  C  contain  examples  of  on-equipment,  off-equipinent,  and  '  ! 
backorder  matrix  printouts  for  various  AFSC's. 

These  on/off  equipment  printouts  display  the  number  of  times  during  •; 
a  simulated  period  that  the  number  of  people  shown  in  the  leftmost  verti-S 
cal  axis  are  working  at  the  time  of  day  shown  on  the  horizontal  axis.  P 
This  time  is  in  half  hour  increments. 

For  instance,  the  on-equipment  matrix  for  AFSC  326C2,  in  Appendix  C,  .' 
shows  11  cases  in  which  two  people  are  needed  between  0330  and  0400.  !  - 

The  backorder  matrices  indicate  which  work  shifts  require  additional  - 
personnel  in  order  to  increase  sorties  accomplished. 

Moody  Regression  Program  - 

The  Moody  Regression  Program  allows  the  user  to  estimate  maintenance/" 

manning  requirements  for  a  wide  range  of  flying  activity  (Ref  33:126).  ■> 

„  * 

The  user  provides  the  program  with  three  sets  of  LC0M  estimated  manning 
requirements  (by  AFSC/  for  an  operational  scenario  based  on  three  dif¬ 
ferent  scheduled  sortie  rates.  The  Moody  Regression  Program  uses  this 
data  to  compute  first  and  second  order  regression  equations  for  main- 
tenance  manning  (by  AFSC)  as  a  function  of  flying  nours  per  montn.  The 
program  compares  these  ordered  equations  for  goodness  of  fit  and  chooses  '/' 
that  equation,  for  each  AFSC,  with  the  best  fit.  These  equations  can  be 
used  to  graphically  depict  the  information  as  shown  in  Figure  b.  .  -1 

Moody  Manpower  Prograt ■  ; j 

The  Moody  Manpower  Program  produces  a  complete  tusic  authori zation 
document  for  a  maintenance  organization  (Ref  33:129).  The  program 

i 

'•1 
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requires  a  unit’s  aircraft  U.E.  size  and  flying  hours  per  month  from  the 
ICON  simulation,  regression  equations  from  the  Moody  Regression  Program, 
the  minimum  crew  size  for  each  AFSC,  and  the  organization's  Major  Command 
supervision  and  overhead  requirements.  The  resultant  document  defines 
the  organization  structure  by  Air  Force  Functional  Code  (FC)  and  provides 
manning  requirements  by  AFSC  grade  level,  for  each  FC. 


Summary 

This  chapter  established  the  basic  concepts  used  in  the  LCOM  manpower 


ri 


estimation  process.  These  concepts  included  the  three  LCOM  programs,  tne 
Moody  Regression  Program,  and  the  Moody  Manpower  Program.  The  next 


chapter  uses  these  concepts  to  describe  the  F-15  peacetime  maintenance 

data  base,  operations  data  base,  and  resource  constraints  used  in  this 
study. 
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III.  DATA  BASE 


This  chapter  contains  a  discussion  of  the  maintenance  and  opera¬ 
tions  data  bases  and  resource  constraints  used  in  the  F-15  TFTW  peace¬ 
time  Logistics  Composite  Model.  The  description  includes  pertinent 
assumptions  and  the  maintenance  organization  structure. 

Maintenance  Data  Base 

The  maintenance  data  base  is  a  modified  version  of  maintenance  data 
used  in  the  ASD  F-15/F-16  Wartime  Study  (Ref  5).  Revisions  include 
maintenance  of  TF-15  aircraft  and  simplified  flight  line  maintenance 
networks  with  reduced  armament  and  electronic  counter  measure  require¬ 
ments.  Pages  107  through  149  in  Appendix  A  contain  a  computer  listing 
of  the  revised  data  base.  The  following  paragraphs  discuss  these  re¬ 
visions  in  terms  of  the  maintenance  organization  structure,  scheduled 
and  unscheduled  maintenance  procedures,  repair/service  times,  weapon 
system  components,  and  failure  parameters. 

Maintenance  Organization  Structure.  Figure  6  illustrates  the  main¬ 
tenance  organization  structure  that  supports  the  LCOM  F-15  TFTW.  This 
structure  is  similar  to  the  58th  TFTW  maintenance  operation.  The  LCOM 
estimates  those  functional  codes  (FC's)  designated  by  an  "L"  in  Figure  6; 
the  Moody  Manpower  Program  produces  a  basic  authorization  document  for 
all  FC's  depicted  in  the  organization  structure.  Table  I  translates 
these  FC's  into  AFSC's  for  LCOM  estimated  manpower  and  gives  their  work 
descriptions. 
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Figure  6.  LCOM  F-15  TFT W  Maintenance  Organization  Structure 
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LCOM  F - 1 5  TFTW  Maintenance  Organization  Structure  (Continued) 


5  TFTW  Maintenance  Organiza 


FC 


WORK 

DESCRIPTION 


AFSC 


22XX 

Flight  Line  Crew  Chief/ 

Phase  Inspection 

431X1 

2313 

Structural  Repair 

531X3 

232X 

Jet  Engine  Shop/Jet  Engine 

Flight  Line/Test  Cell 

426X2 

2332 

Fuel  Systems 

423X3 

2333 

Electrical  Systems 

423X0 

2334 

Pneudraul ics 

423X4 

2336 

Environmental  Systems 

423X1 

2339 

Egress  Systems 

423X2 

2433 

Automatic  Flight  Control/Instruments 

326X2B 

2436 

Inertial  Navigation  System/Weapon  Control 

326X2A 

2437 

Communications/Navigations/Electronic 

Counter  Measures 

326X2C 

2462 

Automatic  Test  Station 

326X1 0 

2463 

Manual  Test  Station 

326X1 C 

Scheduled  and  Unscheduled  Mainienance.  Tne  wartime  dutu 
tained  maintenance  procedures  peculiar  to  a  wartime  environment.  With 
the  technical  assistance  of  the  TAC  advisor,  the  authors  deleted  wartime 
procedures  and  added,  when  necessary,  the  appropriate  peacetime  main¬ 
tenance  functions.  The  resulting  LCOM  networks  represent  those  sched¬ 
uled  and  unscheduled  maintenance  procedures  performed  by  the  f>ath  TFTW 
located  at  Luke  AFB,  Arizona.  These  modifications  are  based  on  an 
operational  audit  of  maintenance  procedures  at  Luke  AFB  (Ref  22)  and  TAC 
coordinated  peacetime  maintenance  assumptions  (Ref  16,  17,  and  27). 

These  assumptions  consist  of  the  following: 

-The  LCOM  simulation  models  maintenance  procedures  of  a 
72  U.E.  TFTW  operating  under  TAC  Training  Syllabus 
course  numbers  FI 500  B,  I,  and  TX  (Ref  30). 

-Both  F-15A  and  TF-15A  aircraft  maintenance  are  modeled. 

-The  20mm  gun  is  loaded  with  1,000  rounds  of  ammunition 
and  reloaded  after  two  DART  missions  are  flown.  This 
is  the  only  "live"  ammunition  used  in  the  simulation. 

-Ground  aborted  missions  are  not  rescheduled  since  course 
flying  requirements  have  a  nine  percent  refly  factor  in 
establishing  the  Flying  Training  Program. 

-The  wing  maintenance  activity  is  organized  per  AFM  66-1 
(Ref  4)  and  does  not  reflect  Maintenance  Posture  Improve¬ 
ment  Program  (MPIP)  reorganization. 

-The  F-15/TF-15  phase  inspection  procedures  performed  by 
the  58th  TFTW  at  Luke  AFB  are  used  in  scheduled  mu  i r.ienance 
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networks . 


-Not  reparable  this  station  (NRTS)  components  use  a  15  cay 
resupply  time. 


-On/off  equipment  maintenance  is  available  24  hours  a  day 
and  seven  days  a  week. 

-On-equipment  failure  of  a  component  is  corrected  by  a 
remove  and  replace  task  when  parts  are  available. 

-Cannibalization  is  initiated  when  spare  parts  are  con¬ 
strained  and  a  removed  component  cannot  be  repaired  in 
time  to  accomplish  a  mission. 

-End-of-runway  teams  are  always  available  during  sched¬ 
uled  flying  periods. 

Maintenance  Repair/Service  Time.  Maintenance  task  repair  and  ser¬ 
vice  times  are  based  on  interviews  with  the  respective  work  center 
supervisors  at  Luke  AFB ,  Arizona  (Ref  1).  The  data  base  listing  in 
Appendix  A  depicts  these  times  and  the  respective  maintenance  tasks. 

Weapon  System  Components.  The  authors  used  the  F/TF-15A  Series  Work 
Unit  Code  (WUC)  Manual  to  describe  all  weapon  system  components  (parts) 
(Ref  36).  A  WUC  is  a  five  character  code  (11XXX-99XXX)  that  identifies 
each  weapon  system  part.  The  maintenance  data  base  describes  each  F-15 
part  at  the  two-four  significant  character  WUC' level.  This  description 
is  equivalent  to  the  line  replaceable  unit  (LRU)  level. 

Component  Failure  Parameters.  The  maintenance  data  tape  (Ref  1) 
for  the  58th  TFTW  at  Luke  AFB,  defines  failure  parameters  for  components 
in  the  corrective  maintenance  networks.  This  tape  contains  maintenance 
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data  for  the  September  1975  -  February  1976  time  period  ana  induces 
2132  F/TF-15  flying  sorties  and  2867  flying  hours. 

Tetmeyer,  Moody,  and  Nichols  (Ref  32  and  33)  describe  the  detailed 
procedures  necessary  to  extract  useful  maintenance  data  from  this  tape. 
They  also  illustrate  the  method  to  compute  the  LCOM  failure  parameters 
(MSBMA  and  G/E  Probabilities). 

The  data  base  listing  in  Appendix  A  illustrates  the  G  and  l 
probabilities  for  each  corrective  maintenance  network.  Appendix  D  con¬ 
tains  each  component  failure  clock,  its  corresponding  MSBMA,  and  decre¬ 
ment  value.  The  decrement  values  come  from  the  F-15/F-16  Wartime  Study 
(Ref  5). 

Operations  Data  Base 

The  F-15  peacetime  operations  data  base  contains  the  flying  training 
schedule  and  maintenance  wash  and  phase  inspection  schedules  and  supports 
a  72  U.E.  TFTW  consisting  of  48  single  seat  (F-15)  and  24  tandem  seat 
(TF-15)  aircraft.  The  following  TAC  coordinated  assumptions  (Ref  16, 

17,  and  27)  were  used  during  construction  of  the  operational  scenarios 
contained  in  Appendix  B. 

-TAC  Training  Syllabus  Course  Numbers  F1500  B,  I,  and  TX 
define  the  unit's  flying  requirements  (Ref  30). 

-The  modeled  TFTW  conducts  only  a  conversion  and  air-to- 
air  training  program. 

-Flying  schedule  sortie  length  and  variance  are  derived 
from  the  training  syllabi. 
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-Flying  training  is  not  scheduled  on  weekends  or  holidays. 

-Night  flying  is  scheduled  as  training  requires. 

-Aircraft  scheduled  for  morning  flights  are  thru-flighted 
as  required  to  meet  mission  requirements. 

-Aircraft  missions  delayed  longer  than  two  hours  are 
cancelled. 

-Only  scheduled  and  spare  mission  aircraft  are  preflighted 
each  day. 

-Preflight  inspections  for  each  aircraft  are  completed 
at  least  two  hours  prior  to  scheduled  takeoff. 

Flying  Schedule.  This  study  uses  three  flying  schedules  to  obtain 
scheduled  sortie  rates  of  .43,  .74,  and  1.0.  Each  schedule  contains  a 
13  percent  over  schedule  for  maintenance  cancellations  and  a  nine  percent 
over  schedule  for  rescheduled  training  requirements.  The  .74  sortie  rate 
establishes  the  base  line  flying  schedule  while  the  .43  and  1.0  sortie 
rates  allow  for  decreased  or  increased  demands  in  F-15  pilots.  The 
schedules  use  a  65/35  ratio  of  F-15  versus  TF-15  aircraft. 

The  flying  schedules  involved  two  basic  mission  types:  Conversion 
and  Air-Air  missions.  Conversion  missions  familiarize  the  pilot  witn 
basic  F-15  aircraft  performance  characteristics.  Air-Air  missions  con¬ 
tain  tactical  air  intercept,  combat,  and  gunnery  maneuvers.  All  three 
flying  schedules  are  based  on  a  30/70  ratio  of  Conversion  versus  Air- 


Air  missions. 


Maintenance  Scnedule.  The  maintenance  schedule  specifies  tne  num¬ 
ber  of  spare  aircraft,  thru-flights,  washes,  and  phase  inspections.  In 
this  study,  the  following  conditions  apply:  52  percent  of  scheduled  air¬ 
craft  are  thru-flighted  each  day;  airframes  receive  a  wash  every  75  hours 
and  a  phase  inspection  every  50  hours;  spare  aircraft  are  based  on  10 
percent  of  scheduled  sorties. 

Table  II  summarizes  the  daily  maintenance  requirements  for  the 
three  operational  scenarios  used  in  this  study. 

Table  II 

Daily  Maintenance  Requirements 


Scheduled  Sortie  Rate 


.43 

.74 

1.0 

Scheduled  Aircraft 

21 

35 

47 

Scheduled  Sorties 

31 

53 

72 

Spare  Aircraft 

4 

6 

3 

Hours  per  Airframe  per  Month 

15 

25 

33 

Resource  Constraints 

During  the  LOOM  simulation,  the  authors  constrain  selected  spare  parts 
and  support  equipment  to  measure  the  effects  on  accomplished  sortie  rate 
and  maintenance  manpower.  These  constraints  reflect  the  quantity  of  spare 
parts  and  support  equipment  available  from  base  supply  stock. 

This  study  uses  part  supply  levels  found  in  the  F-15/F-16  Wartime 
manpower  Study  (Ref  5:60-64).  These  quantities  reflect  the  most  current 
information  on  part  levels.  Appendix  E  lists  the  constrained  spare 
parts  by  WUC  and  the  corresponding  supply  quantity. 


The  only  support  equipment  constrained  during  simulation  are  avionic 


test  stations  (ATS's).  Maintenance  personnel  use  these  stations  to 
troubleshoot  aircraft  avionic  components.  There  are  three  ATS  types  in 
the  maintenance  data  base.  Appendix  E  lists  each  type,  the  job  descrip¬ 
tion,  and  constrained  quantity. 

Summary 

The  F-15  TFTW  maintenance  and  operations  data  bases  and  resource 
constraints  were  discussed  in  this  chapter.  The  discussion  included 
pertinent  TAC  coordinated  assumptions  and  the  modeled  maintenance  organi¬ 
zation  structure.  The  next  section  contains  the  procedures  usee  in  this 
study  to  simulate  peacetime  maintenance  and  operations  data  base  inter¬ 
action  and  analyze  the  resultant  manpower  estimates. 


IV  METHODOLOGY 


In  this  chapter,  the  authors  discuss  the  concepts  and  procedures 
employed  in  the  development  of  manning  estimates  using  the  LCOM  model, 
and  the  analyses  of  results  obtained.  Specifically,  this  includes  an 
explanation  of  the  sequence  of  simulation  runs  performed,  the  use  of  the 
resulting  data  to  compute  manpower  estimates,  and  the  procedures  employed 
to  validate  the  model.  Further,  the  authors  discuss  the  statistical  con¬ 
cepts  used  to  define  steady  state  for  the  model  and  to  construct  confi¬ 
dence  intervals  for  the  manpower  estimates.  Finally,  the  use  of  the 
Moody  Regression  and  Moody  Manpower  Programs  to  investigate  the  sensi¬ 
tivity  of  manning  requirements  to  parts/ATS  constraints  is  explained. 

Sequence  of  Simulation  Runs 

In  order  to  estimate  manpower  requirements  for  a  particular  combina¬ 
tion  of  sortie  rate  and  parts/ATS  constraints,  a  series  of  LCOM  runs  was 
performed  as  shown  in  Figure  7.  To  investigate  the  sensitivity  of  man¬ 
power  requirements  to  various  constraints  and  sortie  rates,  this  se¬ 
quence  was  repeated  for  each  of  the  nine  possible  combinations  of  the 
three  sortie  rates  (.43,  .74,  and  1.0)  and  the  three  levels  of  resource 
constraints  (unconstrained  parts/ATS,  constrained  parts  and  unconstrained 
ATS,  and  constrained  parts/ATS. 

Determination  of  Manpower  Requirements 

The  LCOM  determined  manpower  requirements  are  based  on  the  total 
manhours  used  for  each  AFSC.  After  running  the  model  with  unconstrained 
manpower  as  indicated  in  Figure  7,  it  is  necessary  to  constrain  the  num¬ 
ber  of  men  available  in  the  model  in  order  to  estimate  the  actual  number 
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of  men  required  to  support  a  specifiec  sortie  rate.  Equation  (2)  is  used 
to  convert  each  AFSC's  total  manhours  used  into  these  manning  constraints 

_ Total  Manhours  Used _ 

Ms  =/Uti 1 izationU  Number  WShift  \  (2) 

\Factor  /\of  Days/\Length/ 

In  this  equation,  the  total  manhours  used  for  each  AFSC  are  obtained  from 
the  simulation's  performance  summary  report  (PSR).  The  utilization  fac¬ 
tor  is  the  fraction  of  manhours  available  for  direct  work;  in  this  case, 
the  Air  Force  standard  is  0.6  (Ref  2:  Chap.  6,  p.  29).  Shift  length  is 
eight  hours.  The  Ms  then  becomes  the  average  number  of  men  available 
each  day  for  each  AFSC  (Ref  33:121).  This  number  is  allocated  over  the 
three  shifts  using  the  manpower  matrices  as  a  guide.  The  resulting  shift 
manning  is  incorporated  into  the  model  as  a  constraint  on  manpower.  Cer¬ 
tain  AFSC's  require  a  minimum  crew  size  to  perform  their  maintenance 
functions.  In  cases  where  Ms  is  less  than  the  daily  minimum  crew  man¬ 
ning,  the  minimum  crew  size  is  assigned  to  each  shift  as  the  constraint 
on  manpower.  The  simulation  is  then  rerun  to  determine  what  change  has 
occurred  in  the  accomplished  sortie  rate,  as  defined  by  equation  (1),  and 
to  ensure  that  the  resulting  manhour  utilization  rate  has  not  exceeded 
0.6.  If  the  accomplished  sortie  rate  and/or  manhour  utilization  rate  are 
unacceptable,  the  process  is  repeated  as  indicated  in  Figure  7. 

The  Ms  resulting  from  this  procedure,  however,  is  not  the  actual 
number  of  men  required  because  it  does  not  consider  the  fact  that  each 
individual  normally  works  five  days  a  week,  takes  leave,  and  may  other¬ 
wise  be  legitimately  absent  from  work.  The  Air  Force  standard  for 
actual  hours  worked  per  man  per  month  is  144  hours  (Ref  3:7-8).  Equation 
(3)  is  used  to  convert  M5  into  Direct  Manning  (M).  Direct  Manning 


represents  the  final  manpower  estimate  for  each  AFSC  in  me  LCOM  simula¬ 
tion. 

Ms(work  days/month)(shift  length) 

M  ”  144  hours/man/month  ^ 

Model  Validation 

If  a  simulation  model  is  to  be  of  use  in  making  predictions,  then 
those  predictions  must  be  shown  to  be  correct  or  at  least  as  good  as 
predictions  made  using  some  other  method.  Emshoff  and  Sisson  state  that 
the  best  possible  evidence  of  such  validity  is  that  the  model  has  made 
satisfactory  predictions  in  the  past  (Ref  10:204).  In  this  respect,  the 
general  LCOM  model  has  been  proven  valid  by  numerous  previous  studies  of 
other  weapons  systems  and  scenarios.  There  was,  however,  no  direct 
counterpart  to  the  present  study,  and  for  this  reason  a  further  investi¬ 
gation  of  validity  was  conducted. 

A  first-time  model,  such  as  the  one  under  consideration  here,  cannot 
be  validated  completely  until  the  system  it  represents  actually  comes 
into  existence.  Until  that  time,  the  model's  validity  can  only  be  evalu¬ 
ated  in  terms  of  credibility.  Ernshoff  and  Sisson  suggest  that  such 
validation  consists  of  debugging  the  program,  checking  that  key  subsystem 
models  predict  their  part  of  the  world  well  (using  historical  data),  and 
that  knowledgeable  individuals  agree  to  the  reasonableness  of  the  model 
structure  and  output  or  face  validity  (Ref  10:206).  The  authors  used 
these  criteria  in  conjunction  with  a  more  detailed  debugging  procedure, 
recommended  by  Tetmeyer,  to  develop  the  following  validation  procedure 
(Ref  33:111,  113). 

A  28  day  unconstrained  simulation  was  run,  with  complete  diagnostics, 
and  the  output  checked  to  insure  that:  all  phases  and  scheduled 


inspections  were  accomplished  as  well  as  a  high  percentage  of  scneduled 
sorites,  there  were  no  unsatisfied  demands  for  personnel,  the  number  of 
repairable  generations  for  each  item  in  the  shop  repair  summary  was  equal 
to  the  number  of  units  demanded  for  the  same  item  in  the  supply  summary, 
and,  finally,  there  were  no  cannibalizations,  supply  backorders  or  un¬ 
satisfied  demands  (anything  else  would  have  indicated  a  data  error)  (Ref 
33:113). 

Next,  a  28  day  simulation  was  run  with  each  of  the  three  flying 
schedules.  In  each  case,  all  unscheduled  maintenance  was  removed  from 
the  model,  thus  preventing  any  equipment  or  aircraft  breakdowns.  In 
each  case,  all  scheduled  sorties  were  in  fact  accomplished,  demonstrat¬ 
ing  the  feasibility  of  the  flying  scenarios. 

Finally,  the  MS8MA  assigned  from  historical  data  to  each  failure 
clock  was  compared  to  the  MSBMA  actually  observed  during  a  28  day  run 
of  the  simulation.  In  most  cases  the  variation  was  low;  those  few  cases 
that  did  show  a  large  variation  in  MSBMA  had  a  large  assigned  MSBMA  (the 
failure  should  seldom  occur).  In  these  cases  small  numerical  differ¬ 
ences  between  observed  and  predicted  numbers  of  failures  resulted  in 
large  changes  in  MSBMA.  In  light  of  the  negative  exponential  distribu¬ 
tion  of  failures  in  the  model,  and  the  short  time  span  of  the  test 
simulation,  variations  of  this  sort  were  not  unexpected.  Further,  as 
noted  by  Emshoff  and  Sisson,  variations  in  the  distribution  of  infre¬ 
quent  events  are  not  normally  significant  when  the  model  is  intended  to 
predict  the  behavior  of  some  larger  system  (Ref  10:205).  Consequently, 
the  authors  saw  no  reason  to  doubt  the  validity  of  the  model  based  on 
its  stochastic  behavior. 


34 


r 

B 


5 

i 


Tne  moael  was  also  tested  for  face  validity.  Err.snoff  and  Sisson 
state  that  face  validity  exists  when  knowledgeable  individuals  agree  to 
the  reasonableness  of  the  model  structure  and  output  (Ref  10:204).  In 
this  case,  Lowell  and  Moody  examined  the  model  and  output  and  found  it, 
in  their  opinion,  to  be  reasonable  (Ref  24). 

Steady  State 

In  any  simulation  model,  one  of  the  important  questions  the  re¬ 
searcher  must  answer  is,  “How  long  must  the  simulation  be  run  until  the 
parameters  of  interest  (in  this  study  sortie  rate  and  manhours  used) 
reach  typical  values  for  the  system,  or  steady  state?"  Steady  state, 
of  course,  is  a  relative  condition  depending  on  the  specific  parameters 
being  considered  and  the  degree  of  accuracy  desired  from  the  simula¬ 
tion.  For  instance,  the  time  series  output  of  a  hypothetical  simula¬ 
tion  might  appear  like  that  shown  in  Figure  8. 
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Fiaure  8.  Tvoe  I  Hvoothetical  Steadv  State  Behavior 
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In  tnis  particular  hypothetical  example,  after  time  periOv  10  tne  value 
of  the  output  parameter  is  reasonably  constant.  In  such  a  situation,  the 
user  could  confidently  accept  data  after  that  time  as  being  typical  of 
the  system  being  modeled. 

Unfortunately,  many  simulations  do  not  exhibit  the  type  of  behavior 
just  described.  The  values  of  output  parameters  may  increase  or  decrease 
over  time,  indicating  that  they  do  not  have  a  typical  value  within  the 
system  being  simulated.  Another  possibility  is  that  the  value  of  the 
output  may  fluctuate  considerably  from  one  observation  to  the  next;  yet, 
in  viewing  such  data  over  time  the  individual  data  points  show  no 
particular  trends;  but  instead,  appear  to  be  randomly  distributed  about 
some  central  value.  Such  a  case  is  illustrated  in  Figure  9.  A  closer 


Time 


Figure  9.  Type  II  Hypothetical  Steady  State  Behavior 


examination  of  the  two  situations  depicted  in  Figures  8  and  9  reveals  that 
the  graph  in  Figure  8  after  period  ID,  is  actually  similar  to  the  situa¬ 
tion  depicted  in  Figure  9  except  for  the  amplitude  of  the  fluctuations. 


Some  Criteria  for  Steady  State 

Tetmeyer  states  in  his  discussion  of  the  LCOM  model  that  steady 
state  is  reached  when  successive  thirty  day  manhour  totals  for  each  AFSu 
do  not  vary  more  than  five  percent  (Ref  33:112).  Of  course,  this  is  just 
another  way  of  stating  how  much  error  the  user  is  willing  to  accept. 

As  noted  by  Conway: 

"...it  is  also  important  to  recognize  that  equilibrium 
is  a  limiting  condition  which  may  be  approached  but 
never  actually  attained.  This  means  that  there  is  no 
single  point  in  the  execution  of  a  simulation  experi¬ 
ment  beyond  which  the  system  is  in  equilibrium.  The 
difference  between  the  temporal  and  limiting  distribu¬ 
tion  presumably  decreases  with  time  and  one  seeks  a 
point  beyond  which  he  is  willing  to  neglect  the  error 
that  is  made  by  considering  the  system  to  be  in  equi¬ 
librium"  (Ref  6). 

Emshoff  and  Sisson  mention  a  procedure  similar  to  that  used  by  Tetmeyer, 
but  go  on  to  discuss  other  methods  which  the  authors  of  this  study  felt 
were  possibly  more  appropriate  (Ref  10:192).  Specifically,  tney  state 
that  steady  state  has  been  reached  when  successive  output  values  vary 
randomly  about  some  typical  value;  or  similarly,  when  successive  observa¬ 
tions  of  the  time  series  output  are  statistically  indistinguishable  (Ref 
10:190). 

The  procedure  described  by  Tetmeyer  for  identifying  steady  state  is 
in  common  usage  among  LOOK  practitioners.  In  an  effort  to  reduce  compu¬ 
ter  running  time,  the  authors  elected  to  investigate  the  feasibility 
of  determining  steady  state  by  comparing  probability  distributions  as 
suggested  by  Emshoff  and  Sisson. 

Student's  T  Test.  Student's  T  test  is  a  very  powerful  statisti¬ 
cal  test  which  can  be  used  to  compare  the  means  of  two  populations.  Such 
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a  test  might  be  used  to  indicate  if  the  mean  values  ot  the  simulation 
output  over  two  adjacent  time  periods  were  statistically  indistinguish¬ 
able  (Ref  25:343).  This,  in  turn,  would  indicate  that  the  simulation 
was  in  steady  state.  To  use  the  test,  however,  one  must  be  able  to 
assume  that  the  sample  data  is  from  at  least  a  near  normal  or  mound 
shaped  probability  distribution  (Ref  12:169). 

Since,  in  this  study,  the  flying  scenario  calls  for  no  flying  on 
Saturday  or  Sunday,  the  distribution  of  manhours  used  per  day  is  bi- 
modal  in  nature.  Consequently,  the  authors  felt  an  assumption  of 
normality  was  not  warranted. 

It  is  important  to  point  out,  nevertheless,  that  in  other  experi¬ 
ments  having  a  continuous  flying  schedule,  such  as  a  wartime  model  or  a 
peacetime  scenario  as  described  by  Tetmeyer,  the  T  test  might  be  an 
appropriate  tool  (Ref  33:126-127).  For  a  further  discussion  of  the  T 
test,  the  reader  is  referred  to  any  elementary  text  on  parametric  sta¬ 
tistics. 

The  Man-Whitney  U  Test.  The  Mann-Whitney  U  test  is  a  nonpara- 
metric  statistical  test  designed  to  indicate  if  two  independent  random 
samples  can  reasonably  be  expected  to  have  come  from  different  prob¬ 
ability  distributions,  or  if  the  two  are  stochastically  indistinguish¬ 
able.  The  primary  advantage  of  this  test  is  its  applicability  regard¬ 
less  of  the  probability  distribution  of  the  data  to  be  tested  (Ref  PH: 
116). 

Use  of  the  U  Test  in  Determining  Steady  State.  In  light  of  the 
distribution-free  nature  of  the  Mann-Whitney  test,  it  was  tested  as  an 


indicator  of  steady  state  on  the  simulation  runs  which  had  constrained 


manpower.  The  first  fourteen  days  of  simulation  output  were  compared  to 
the  remainder  of  the  data  from  each  run;  a  two  week  segment  was  chosen 
to  provide  sufficient  data  for  meaningful  application  of  the  test,  and 
also  to  avoid  bias  which  would  have  resulted  if  proportionate! y  more 
Saturdays  and  Sundays  (nonflying  days)  were  included  in  one  of  the 
samples  than  in  the  other.  The  null  hypothesis  (H0)  was  defined  to  be: 

H0:  The  two  samples  come  from  the  same  probability  distribu¬ 
tion. 

If  H0  is  not  rejected,  then  the  test  is  not  able  to  distinguish  between 
the  two  samples,  and  the  authors  considered  steady  state  to  exist  at  the 
beginning  of  the  first  sample.  The  alternate  hypothesis  (Ha)  was  de¬ 
fined  as: 


Ha:  The  two  samples  do  not  come  from  the  same  probability 
distribution. 

When  Ha  is  accepted,  a  significant  difference  exists  between  the  two 
samples  indicating  that  steady  state  has  not  been  reached  at  the  begin¬ 
ning  of  the  first  sample.  In  such  instances,  the  authors  threw  out  data 
from  the  first  part  of  the  time  series  (in  increments  of  seven  days) 
until  the  test  indicated  that  steady  state  had  been  reached. 

Application  of  the  Mann-Whitney  test  involves  first,  computing  the 
value  of  the  U  statistic  for  the  two  samples  being  compared.  U  is 
defined  as  the  smaller  of 
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or 


(5) 


U  =  n1n2 


N,(N,  -  1) 


where  Nj  and  N2  are  the  sample  sizes  of  the  two  time  periods  being  com¬ 
pared,  and  W,  and  W2  are  obtained  by  ranking  the  (N,  +  N2)  data  points 
from  one  to  (N,  +  N2)  and  summing  these  ranks  for  each  group.  Then, 
for  N,  and  N2  greater  than  ten. 


Z 


U  -  E(U) 

W) 


(6) 


where  Z  is  the  standard  normal  random  variable,  E(U)  is  the  expected 
value  of  the  U  statistic 


E(U) 


M2 

2 


(7) 


and  V(U)  is  the  variance  of  the  U  statistic. 


V(U)  = 


N  N  (N  +  N  +  1) 
1  2  '  1  2  ' 

12 


(Ref  25:535-538). 


If  Hq  is  true  then 


(8) 


P(jZ|  r  Zu/2)  =  a  (9) 

where  a/2  is  equal  to  the  integral  of  the  standard  normal  distribution 
function  from  Zu/  to  "  (Ref  25:276).  It  can  then  be  said  with  proba¬ 
bility  (1  -  a)  that  if  the  absolute  value  of  Z,  from  equation  (6),  is 
greater  than  or  equal  to  la/  then  H0  is  not  true. 

The  Runs  Test.  The  Runs  Test  was  used  to  identify  steady  state  for 
simulation  runs  with  unconstrained  manpower.  This  test  is  a  distribution 
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free  statistical  test  whicn  can  be  used  to  guard  againsc  nonrandomness 
in  a  time  series.  Such  nonrandomness  may  be  related  to  eitner  trends 
or  periodicies  in  the  data.  As  noted  earlier  in  this  paper,  one  cri¬ 
teria  for  steady  state  in  a  simulation  is  randomness  of  the  output  data 
about  some  central  value.  To  use  the  test,  the  time  series  is  separated 
into  observations  above  the  mean  and  observations  below  the  mean.  A  run 
is  defined  as  a  series  of  observations  all  above  or  all  below  the  mean. 
Given  the  number  of  data  points  above  the  mean  (N,),  the  number  of 
points  below  the  mean  (N2),  and  the  number  of  runs  (R);  it  is  possible  to 
compute  the  probability  of  observing  R  or  fewer  runs  assuming  the 
sequence  is  in  fact  random.  These  probabi 1 i ties  are  commonly  tabled  and 
can  be  used  in  testing  various  hypotheses  (Ref  25:542-5^7). 

Application  of  Runs  Test  in  Determining  Steady  State.  In  uuing  trie 
Runs  Test  as  an  indicator  of  steady  state,  the  authors  aggregated  the 
daily  manhour  totals  by  weeks.  Too  few  runs,  in  a  statistical  sense, 
were  taken  as  an  indication  of  a  trend  in  the  data.  The  null  ana  alter¬ 
nate  hypotheses  were  defined  as  follows: 

H0:  There  is  no  trend  in  the  data--steady  state  is 
assumed  to  exist  over  the  entire  time  series. 

Ha:  There  is  a  trend  in  the  data--steady  state  does 
not  exist  over  the  entire  time  series. 

The  rejection  region  was  defined  to  be  R  such  that  P(R)  . 1 .  As  with 
the  Mann-Whitney  Test,  if  li0  was  rejected  with  the  original  data  set,  the 
data  set  was  reduced  until  H0  was  no  longer  rejected. 


41 


Type  1  and  Type  II  Errors.  When  using  any  statistical  test  of  hy¬ 
pothesis,  the  experimenter  must  be  aware  of  the  errors  that  can  be  made 
in  accepting  or  rejecting  H0.  The  probability  of  rejecting  H0  when 
H0  is  in  fact  true  is  termed  the  Type  I  error  and  is  denoted  by  a.  The 
authors  chose  the  relatively  large  value  of  0.1  for  a,  so  that  the 
Type  II  error  (0),  defined  as  the  probability  of  accepting  H0  when 
actually  Ha  is  true,  would  not  be  too  large.  Mendenhall  and  Shaeffer 
note  that  as  a  increases  8  will  decrease  (Ref  25:330).  Even  so,  with 
the  relatively  small  sample  sizes  involved  in  this  study,  8  will  be 
quite  large.  The  authors,  however,  do  not  consider  this  serious  since 
the  intention  is  not  to  "prove"  that  the  null  hypothesis  is  true,  but 
only  to  detect  any  significant  deviation  from  that  hypothesis. 

Confidence  Intervals 

The  mean  value  for  manhours  used,  from  the  simulation  output,  is 
merely  an  estimate  of  the  true  mean  for  the  system  being  modeled.  The 
accuracy  of  this  estimate  is  affected  by  the  analyst's  decision  on  when 
steady  state  exists,  the  number  of  data  points  used  in  the  estimate  (N), 
and  the  variance  of  the  sample  data  (S*).  When  considering  the  accuracy 
of  such  an  estimate,  the  analyst  is  led  to  the  consideration  of  statisti¬ 
cal  confidence  intervals. 

If  the  sample  data  is  composed  of  independent  random  variables,  the 
sample  mean  will  possess  a  normal  distribution  for  sample  sizes  larger 
than  thirty  (Ref  25:270).  Then,  the  statistic 

Z  =  iLlJrl  (10) 
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where  4  =  the  population  mean 

Y  =  the  sample  mean 

S*  =  the  sample  variance  of  the  mean  (^  ) 

Sp  =  the  sample  standard  deviation  of  the  mean  (  »  S£) 

As  before,  Z  is  the  standard  normal  random  variable  with  zero  mean  and 
variance  equal  to  one.  From  equation  (10)  can  be  constructed  the  follow¬ 
ing  confidence  interval: 

4  =  X  +  la/2  Su  (11) 

where  Za/2  is  such  that  the  integral  of  the  standard  normal  density 
function  from  Zuy2  to  »>  is  equal  to  a/?.  It  can  now  be  stated  with 
probability  (1  -  a)  that  the  true  population  mean  is  contained  in  the 
interval  given  in  equation  (11)  (Ref  25:276-277). 

Autocorrelation.  In  many  simulation  models,  the  parameter  values 
for  separate  observations  are  not  independent;  they  are  affected  in  some 
way  by  those  values  that  preceed  them.  For  instance,  in  the  LCOM  model 
used  in  this  study,  high  work  loads  on  one  day  may  carry  over  into  the 
next  day  causing  the  man  hours  used  on  both  days  to  be  high.  This  type 
of  dependence  is  called  autocorrelation.  The  autocorrelation  coefficient, 
p,  where  p  is  as  defined  by  equation  (12),  is  a  measure  of  this  de¬ 
pendency.  If  man  hours  used  on  any  particular  day  is  assumed  to  be 
normally  distributed,  p  equal  zero  implies  independence,  and  M  equal 
one  implies  complete  dependence  (Ref  35:70). 

E([Xt  -  Xlxt+L  -  Xj) 
p(L)  - - EP - 
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where  £ 


-  expected  value 
Xf  =  output  value  at  time  (t) 

X  =  sample  mean 

a2  =  population  variance 

L  =  interval  or  lag  between  data  points  to  be  tested  for 
dependence  (Ref  10:194-199). 


Given  only  a  sample  from  the  entire  population,  it  is  not  possible  to 
compute  p(L).  However,  an  estimate,  &(L)  is  available  as  follows. 


N-L 

Z 


MU  =  f  -XUxt*L  -«) 

£  (xt  -x)2 

t=l 


-X, 


(13) 


Correcting  for  Autocorrelation.  The  procedure  developed  previously 
for  constructing  confidence  intervals  employed  an  estimate  of  the  vari¬ 
ance  of  the  mean,  S^,  based  on  an  assumption  of  independence.  If  auto¬ 
correlation  is  present,  then,  the  procedure  for  constructing  confidence 
intervals  must  be  modified. 

One  possibility  is  to  examine  o(L).  If  a  value  of  (L)  can  be 
found  such  that  £(L)  =  0,  then  the  data  can  be  combined  or  blocked  into 
intervals  of  length  (L).  The  mean  values  for  these  blocks  will  now  be 
independent,  and  as  such  can  be  used  to  construct  confidence  intervals 
as  previously  described  (Ref  10:199-200). 

A  second  possibility  is  to  correct  the  variance  of  the  mean  (S^)  by 
using  the  following  relationship. 


N-l 

Corrected  S2 =  S2  [1+2  z  (1 

PM  i-i 


-S-)  »(D3 


(14) 
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The  reader  should  note  that  when  p(L)  -  0,  tne  ^nove  reduces  to  tne  r^rm 
used  in  the  previous  development  of  confidence  intervals  (Ref  10:199). 


Sensitivity  Analysis 

The  Moody  Regression  Program,  discussed  in  Chapter  II,  was  used  to 
develop  a  relationship  between  direct  manning  requirements  and  flying 
hours  per  month.  A  regression  equation  was  developed  for  eacn  AFSC  witn 
constrained  manpower  only,  constrained  manpower  and  parts,  and  constrained 
manpower,  parts  and  ATS.  These  equations  were  then  plotted  to  demonstrate 
the  sensitivity  of  manning  requirements,  for  each  AFSC,  to  various  sortie 
rates  and  parts/ATS  constraints. 

The  primary  inputs  to  the  Regression  Program  consist  of  flying  hours 
per  month  and  final  direct  manning  (M  from  equation  (3))  rounded  in 
accordance  with  AFM  25-9  (Ref  2:7-8).  Manning  for  some  LCOM  shred-outs 
is  combined  under  a  single  AFSC  as  shown  in  Appendix  A.  Further,  direct 
manning  for  some  LCOM  shred-outs  cannot  be  properly  estimated  using  LCOM 
hours  from  the  PSR.  For  instance,  the  End  of  Runway  Crew  requires  very 
few  LCOM  hours  in  the  model.  In  reality  though,  the  positions  must  be 
manned  during  all  flying  operations.  Direct  manning  in  this  case  was 
estimated  using  the  following  relationship  (Ref  3:2-4). 

(crew  size)(work  days/wk) (hrs/day) (4. 348  wks/mo)  , 

M  "  144  hours/man/month  ; 

Direct  manning  for  these  LCOM  shred-outs  was  combined  under  the  appro¬ 
priate  AFSC  in  the  Regression  Program. 

Developing  a  Manning  Document 

The  final  step  in  obtaining  an  estimate  of  required  manpower  in¬ 
volves  the  use  of  the  Moody  Manpower  Program.  Up  until  tnis  point  only 


direct  manning  has  been  discussed;  that  is,  no  considerat.on  has  Deer, 
given  to  the  fact  that  there  is  a  requirement  for  supervisory  and  other 
overhead  personnel  in  the  maintenance  organization  being  modeled.  The 
Moody  Manpower  Program  converts  the  results  of  the  final  simulation  runs 
and  the  Moody  Regression  runs  into  a  completed  manning  document,  which 
reflects  the  total  maintenance  manning,  by  AFSC  and  work  center,  neces¬ 
sary  to  support  the  organization  under  study  at  a  specified  sortie  rate 
and  with  specified  constraints  on  parts/ATS. 

In  this  study  the  authors  used  the  Moody  Manpower  Program  to  de¬ 
velop  estimates  for  total  required  manning,  and  also  to  demonstrate  the 
sensitivity  of  total  manning  to  parts/ATS  constraints. 

Summary 

This  chapter  has  included  a  discussion  of  the  concepts  and  proce¬ 
dures  used  by  the  authors  in  accomplishing  the  objectives  of  this  study. 
In  the  next  chapter  the  authors  demonstrate  the  methodology  discussed 
here  and  present  the  results. 
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V.  ANALYSIS  AND  RESULTS 


The  analysis  and  results  of  the  F-15  peacetime  LCOM  study  are  docu¬ 
mented  in  this  chapter.  The  analysis  section  investigates  the  simula¬ 
tion's  steady  state  conditions  and  autocorrelation  functions.  The 
results  section  consists  of  maintenance  manpower  estimates  for  each  AFSC 
listed  in  Table  I  of  Chapter  III,  statistical  confidence  intervals  for 
these  estimates,  manpower  sensitivity  to  variations  in  spare  parts  and 
ATS,  and  a  complete  basic  manning  document  for  the  modeled  F-15  TFTW. 

Analysis 

Simulation  analysis  consisted  of  graphical  and  statistical  inter¬ 
pretation  of  accomplished  aircraft  sortie  rate,  AFSC  manhours  used,  and 
AFSC  autocorrelation  coefficients.  The  authors  used  the  procedures  dis¬ 
cussed  in  Chapter  IV  to  analyze  these  variables.  The  simulation  run 
length  during  this  analysis  consisted  of  98  simulation  days  including 
weekends;  this  period  is  equivalent  to  14  seven  day  weeks. 

Steady  State.  The  authors  conducted  steady  state  analysis  on  both 
unconstrained  and  constrained  manpower  simulations.  During  the  uncon¬ 
strained  manpower  simulations,  PSR's  were  requested  every  seven  days. 

The  authors  used  daily  PSR's  for  tne  constrained  manpower  simulations. 

The  authors  chose  a  seven  day  data  period  for  unconstrained  manpower 
simulations  due  to  a  fundamental  seven  day  cycle  in  the  LCOM  statistical 
output.  This  cycle  was  caused  primarily  by  the  peacetime  opera¬ 
tional  scenarios;  the  five  day  flying  and  seven  day  maintenance  schedule 
resulted  in  an  appreciable  decrease  in  manhours  used  for  most  AFSC's 
during  the  weekends.  The  accumulation  of  output  data  into  seven  day 
intervals  smoothed  this  cyclic  pattern  and  simplified  the  steady  state 
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Figure  10.  AFSC  531X3  (Structural  Repair)  Daily  Manhours  Used 

analysis.  For  example.  Figure  10  graphically  depicts  the  daily  manhours 
used  for  AFSC  531X3  (Structural  Repair)  over  the  93  day  simulation  period 
based  on  unconstrained  parts/ATS  at.  a  .74  scheduled  sortie  rate.  The 
graph  illustrates  the  seven  day  cyclic  pattern  caused  by  decreased  man¬ 
hours  used  during  weekends.  Figure  11  contains  the  weekly  manhours  used 
for  the  same  AFSC  with  identical  simulation  conditions.  The  graph,  in 
this  case,  clearly  represents  steady  state  conditions  throughout  tne 
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Figure  12.  AFSC  423X3  (Fuel  Systems)  Weekly  Manhours  Used 


illustrates  this  AFSC's  instability  in  manhours  used.  The  increase  in 

• 

manhours  used  during  the  eleventh  through  thirteenth  weeks  is  especially 
noteworthy.  This  demand  indicates  a  backlog  of  work  during  the  latter 
portion  of  the  simulation  period.  The  authors,  therefore,  constrained 
manpower  for  this  AFSC  using  the  average  daily  manhours  used  during  the 
eleventh  through  thirteenth  weeks.  This  method  of  constraining  manpower 
has  two  advantages:  first,  manpower  is  allocated  to  the  constrained 
manpower  simulation  based  on  peak  workloads  as  described  by  Tetmeyer 
(Ref  33:119);  second,  if  peak  workloads  are  not  considered  during  the 
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manpower  constraint  process,  the  constrained  manpower  simulation's  PSR 
will  indicate  manhour  utilization  for  the  AFSC  in  question  greater  than 
60  percent  and  an  additional  constrained  manpower  simulation  will  be 
necessary  to  reduce  this  utilization  below  60  percent. 


Table  III 

AFSC  531X3  Manpower  Constraint  Calculation 


Source 

Calculation 

Equation  (2) 

/ 0-98  Day  PSR  1 
m.  =  \Manhours  Used/ 

J  /Utilization!  /Number!  /Shift  ! 

^  Factor  )  \of  Days/  ^Lengthy 

4445 

=  T76)(98)(8) 

=  9.449  =  10  Men 

Since  all  other 

AFSC's  exhibited  steady  state  conditions  during  the 

entire  simulation  period,  the  authors  constrained  manpower  for  these 
AFSC's  using  equation  (2)  from  Chapter  IV  and  the  respective  AFSC  man¬ 
hours  used  contained  in  the  0-98  day  cummulative  PSR.  Table  III  illus¬ 
trates  the  calculation  of  the  manpower  constraint  for  AFSC  531X3 
(Structural  Repair)  using  equation  (2)  and  the  respective  manhours  used 
in  Figure  C-l  of  Appendix  C.  It  should  be  noted  that  all  manpower  con¬ 
straints  are  rounded  to  the  next  highest  integer  value  during  input  to 
the  main  LCOM  program. 

During  the  constrained  manpower  simulations,  the  authors  used  a 
modified  version  of  LCOM  ( Ref : 1 9 )  which  provided  daily  PSR's  containing 
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only  operations  and  personnel  data.  The  elimination  of  snop  repair  ur.c 
supply  data  from  the  PSR's  appreciably  reduced  the  amount  of  unneeded 
computer  output  during  these  simulations.  Daily  manhours  used  data  was 
required  in  order  to  accurately  compute  the  autocorrelation  coefficients 
and  statistical  confidence  intervals  discussed  later  in  the  chapter; 
the  daily  data  permits  large  sample  size  statistical  analysis  and  in¬ 
creases  the  statistical  confidence  in  the  output  data. 

Figure  13  graphically  illustrates  the  daily  manhours  used  for  AFSC 
431X1  (Flight  Line  Crew  Chief)  for  the  unconstrained  parts/ATS  simula¬ 
tion  at  a  .74  scheduled  sortie  rate.  This  graph  indicates  two  major 
points:  first,  the  seven  day  cycle  of  manhours  used  is  very  evident; 
second,  the  underlying  steady  state  nature  of  the  delta  throughout  the 
98  day  simulation  period  is  visible.  Because  steady  state  condition1, 
are  more  difficult  to  detect  in  the  daily  manhours  used  data,  the  Marm- 
Whitney  Test  described  in  Chapter  IV  was  used  to  verify  output  stability 
The  test  indicated  no  statistical  differences  in  the  data  contained  in 
Figure  13. 

All  AFSC's  except  those  listed  in  Table  IV  exhibited  similar  steady 
state  conditions  during  the  entire  98  day  constrained  manpower  simula¬ 
tion  period.  For  those  AFSC's  in  Table  IV,  the  Mann-Whitney  test  ini¬ 
tially  indicated  instability  in  the  data.  The  test  was,  therefore, 
reapplied  to  these  AFSC's  after  eliminating  the  first  seven  days  or  data 
In  most  cases,  the  reduced  data  set  passed  the  test.  In  other  cases,  ft 
first  14  days  of  data  had  to  be  eliminated  before  the  reuuceG  data  set 
would  pass  the  Mann-Whitney  test.  Table  IV  indicates  each  AFSC  and  its 
respective  usable  data  sub-set.  These  data  subsets  were  used  to  verity 


Figure  13.  AFSC  431X1  (Flight  Line  Crew  Chief)  Daily  Manhours  used 

manhour  utilization,  calculate  manpower  estimates,  and  compute  confidence 
intervals  for  the  AFSC's  listed  in  Table  IV. 

The  authors  also  analyzed  accomplished  aircraft  sortie  rate  for  the 
constrained  manpower  simulations.  If  this  sortie  rate  exhibits  steady 
state  conditions,  then  the  modeled  F-15  TFTW  can  satisfy  TAC  training 
syllabi  requirements  on  a  routine  basis. 


Table  IV 


LCOM  AFSC's  That  Exhibited  Initial  Transient  Conditions 


—  —  ■  1  ■  .  :  gas 

Constraint 

Type 

Scheduled 

Sortie 

Rate 

AFSC 

i 

Usable 

S  i  mu  1  a  ti  or. 
Period 

udSt 

91 

uays 

Unconstrained 

Parts/ATS 

1.0 

326X2A 
/ COM/ \ 

NAV/ 

Vecm  / 

Constrained  Parts/ 

1.0 

423X3 

Last 

Unconstrained  ATS 

Fuel  1 

84 

Systems/ 

Days 

Constrained  Parts/ 

1.0 

326X1 D 

Last 

Constrained  ATS 

/ 

Automati c\ 

91 

Test  1 

Days 

\ 

Station  J 

1.0 

326X2A 

Last  i 

Unertial  \ 

91 

Navi gati on] 

Days 

1 

System  J 

1.0 

431X1 

Last 

/Phase  \ 

91 

\Inspection/ 

Days 

.74 

426X2 

■ 

Last 

/Jet  ) 

ti4 

\Engine/ 

Days 

Figure  14  depicts  the  accomplished  aircraft  sortie  rate  for  trie  un¬ 
constrained  parts/ATS  simulation  at  a  .74  scheduled  sortie  rate.  The 
graph  excludes  weekends  due  to  the  undefined  nature  of  sortie  rate  tor 
nonflying  days.  In  Figure  14,  accomplished  sortie  rate  exhibits  a  steady 
state  condition  throughout  the  70  flying  days.  The  Mann-Whi tney  test  u  1  .o 
verified  steady  state  conditions  in  the  data.  Accomplished  sortie  rates 
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Figure  14.  Accomplished  Aircraft  Sortie  Rate  for  Constrained  Manpower 
and  Unconstrained  Parts/ATS  Simulation  at  .74  Scheduled 
Sortie  Rate 

for  each  of  the  nine  combinations  of  parts/ATS  constraints  and  scheduled 
sortie  rates  exhibited  similar  steady  state  conditions.  These  steady 
state  conditions  indicate  that  the  modeled  F-15  iFTW  can  routinely  meet 
syllabi  training  requirements. 


Autocorrelation.  The  authors  conducted  the  autocorrelation  analysis 


on  the  constrained  manpower  simulations.  The  autocorrelation  coefficients 
(f5(L))  were  estimated  for  each  AFSC  using  the  respective  manhours  used 
and  equation  (13)  found  in  Chapter  IV;  the  lag  (L)  between  daily  observa¬ 
tions  was  incremented  to  include  a  one  through  97  day  lag.  For  those 
AFSC's  listed  in  Table  IV,  0(L)  was  estimated  for  the  corresponding 
reduced  data  sets.  The  analysis  consisted  of  both  graphical  and  statisti¬ 
cal  interpretation  of  the  autocorrelation  function. 

Figure  15  graphically  illustrates  the  autocorrelation  function  versus 
the  lag  in  days  for  AFSC  431X1  (Flight  Line  Crew  Chief)  for  the  uncon¬ 
strained  parts/ATS  simulation  at  a  .74  scheduled  sortie  rate.  This  graph 
indicates  two  major  points:  first,  the  seven  day  cyclic  nature  of  the 
function  caused  by  the  reduced  manhour  demands  on  weekends  is  clearly 
evident;  second,  multiple  lags  of  seven  days  are  highly  correlated.  The 
high  correlation  of  manhours  used  on  multiple  seven  day  lags  is  due  to 
the  seven  day  cyclic  nature  of  the  simulation  data.  This  functional  form 
of  autocorrelation  coefficients  prevents  the  grouping  of  manhours  used 
into  blocks  of  independent  observations.  The  authors,  therefore  chose  to 
use  the  estimated  correlation  coefficients  and  equation  (14)  to  correct 
the  variance  of  daily  manhour  observations  during  the  computation  of 
manpower  statistical  confidence  intervals. 

AFSC  423X3  (Fuel  Systems)  was  the  only  AFSC  to  exnibit  a  more  desir¬ 
able  autocorrelation  function.  The  reason  for  this  unique  difference 
was  that  the  fuel  systems  shop  did  not  show  a  routine  decrease  in  man¬ 
hours  used  each  weekend.  This  resulted  in  an  absence  of  the  seven  day 
cycle.  Figure  16  illustrates  the  graphical  nature  of  the  autocorrelation 
function  for  this  AFSC.  In  the  graph,  lags  of  15  or  more  days  indicate 
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Figure  15.  AFSC  431X1  (Flight  Line  Crew  Chief)  Autocorrelation  Function 

a  £ (L)  close  to  zero.  As  a  result,  manhours  used  contained  on  cummula- 
tive  15  day  PSR’s  would  be  statistically  independent  and  could  be 
treated  as  independent  observations  during  the  calculation  of  statisti¬ 
cal  confidence  intervals.  The  type  of  autocorrelation  function  illus¬ 
trated  in  Figure  16  is  often  found  in  an  LCQM  simulation  where  mainte¬ 
nance  and  flying  activity  operate  concurrently.  Concurrent  maintenance 
and  flying  activity  do  not  produce  the  cyclic  output  data  that  is  found 
in  this  study.  In  particular,  wartime  LCOM  simulations  contain  the  func¬ 
tional  form  illustrated  in  Figure  16. 
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Figure  16.  AFSC  423X3  (Fuel  Systems)  Autocorrelation  Function 

Because  the  majority  of  AFSC's  in  this  study  exhibited  autocorrela¬ 
tion  functions  similar  to  Figure  15,  the  variance  of  daily  manhours  used 
for  each  AFSC  including  AFSC  423X3  was  corrected  using  equation  (13). 
These  corrected  variances  were  used  during  calculation  of  the  manpower 
confidence  intervals. 

Resul ts 

The  results  of  the  F-15  TFTW  LCOM  simulation  contain  the  direct  man 
ning  estimations  (M)  for  each  AFSC  contained  in  Table  I  of  Chapter  III, 
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95  percent  confidence  intervals  for  tnese  estimates,  and  sensitivity  of 
M  to  constrained  parts  and  constrained  parts/ATS.  The  final  output  ot 
these  estimates  is  a  USAF  basic  manning  document  for  the  F- 1 5  TFTW  based 
on  unconstrained  parts  and  ATS. 

Direct  Manning.  The  average  daily  man'iours  used  from  the  final 
constrained  manpower  simulations  are  applied  to  equations  (1)  and  (2) 
from  Chapter  IV  to  calculate  the  direct  manning  for  each  AFSC  listed  in 
Table  I.  Direct  Manning  is  then  converted  to  whole  men  according  to 
AFM  25-5  standards  (Ref  2:Chap.  6,  p.  29).  During  the  calculation  of 
M,  the  AFM  25-5  standard  of  30.44  work  days  per  month  is  applied  to 
equation  (2).  Table  V  illustrates  the  computation  of  direct  manning  for 
AFSC  531X3  (Structural  Repair)  for  the  unconstrained  parts/ATS  simula¬ 
tion  at  .74  scheduled  sortie  rate. 


Table  V 

AFSC  531X3  Direct  Manning  Computation 


Source 


Equation  (1) 


Average  Daily  Manhours  Used 
[Utilization  Factor) (Shift  Length) 

[40.44) 

•  6  (8 


8.425 


AFM  25-5 


Direct  Manning  =  14  Men 


Confidence  Intervals.  Confidence  internals  for  direct  manning  are 


computed  using  equations  (1),  (2),  (11),  and  (14)  found  in  Chapter  IV. 

The  computation  is  a  six  step  process:  first,  estimate  the  sample  vari¬ 
ance  of  daily  manhours  used  (Ref  25:268);  second,  use  equation  (14)  to 
calculate  the  corrected  sample  variance  of  daily  manhours  used;  third, 
convert  the  corrected  sample  variance  into  a  standard  deviation  of  daily 
manhours  used;  fourth  use  equations  (1)  and  (2)  to  transform  the  standard 
deviation  of  daily  manhours  used  into  a  direct  manning  standard  devia¬ 
tion;  fifth,  use  equation  (11)  to  develop  95  percent  confidence  inter¬ 
vals  for  direct  manning;  finally,  convert  the  confidence  intervals  into 
integer  values  in  accordance  with  AFM  25-5  (Ref  2:  Chap.  6,  p.  29). 

Table  VI  illustrates  the  computation  of  a  95  percent  confidence  interval 
for  the  direct  manning  of  AFSC  531X3  based  on  unconstrained  parts/ATS 
at  a  .74  scheduled  sortie  rate.  In  these  calculations,  N  equals  the 
number  of  steady  state  days  simulated.  In  all  cases,  except  those  AFSC's 
listed  in  Table  IV,  N  equals  98. 

The  procedures  contained  in  Tables  V  and  VI  were  used  to  compute 
each  AFSC's  direct  manning  and  confidence  intervals  for  the  three  con¬ 
straint  types  (unconstrained  parts/ATS,  constrained  parts/unconstrained 
ATS,  and  constrained  parts/ATS)  and  scheduled  sortie  rates  (.43,  .74, 
and  1.0).  The  direct  manning  for  the  End  of  Runway  Crew  was  separately 
calculated  using  equation  (15)  found  in  Chapter  IV  and  added  to  the 
direct  manning  estimate  and  confidence  interval  of  AFSC  431X1  (Flight 
Line  Crew  Chief).  This  calculation  is  illustrated  in  Table  VII. 


Table  VI 


AFSC  531X3  Confidence  Interval  Computation 


Source 

Calculation 

Sample  Variance 
of  Daily  Manhours 

Used 

S*  =  5.526 

Equation  (14) 

N-l  L 

Corrected  S^=  S'  [1  +  2  L  (1-  t)  p(L)j 

L=1 

97  l 

=  5.256  [1+21  ( 1  - q3-)  P ( L )  ]  ! 

L=1 

=  .  507 

Convert  Variance 
to  Standard 

Deviation 

Average  Daily  _ _ _ 

Manhours  Used  =  507 

Standard 

Deviation 

=  .712 

Equation  (1) 

/Average  Daily  Manhours  \ 

M^  Standard  \Used  Standard  Deviation/ 
Deviation  ‘  /Uti 1 i zationj/ Shift  1 
\Factor  /^Lengthy 

_  (.712) 

ttiw 

=  .148 

Equation  (2) 

M  Standard  /Ms  Standardj/Work  \/Shift  \ 
Deviation  \Deviation  ADays/MoALenqth/ 

(144  Hours/Man/Month) 

Table  VI.  (Continued) 

AFSC  531X3  Confidence  Interval  Computation 


Source 


Equation  (11) 


Cal culation 


95%  Confidence 
Interval 


M  +  (Za/2)  /M  Standard 
^Deviation 

=  14.248  ±  ( 1 . 96) ( . 250) 

=  14.248  +  .49 

=  (13.758,  14.738) 


AFM  25-5 


95%  Confidence 

Interval  for  =  (13,  14)  Men 
M 


Table  VII 

End  of  Runway  Crew  Direct  Manning  Computation 


Source 


Computation 


Equation  (15) 


/CrewN  /Workday  s\ 

/Hours\ 

/4. 348  \ 

( Si ze  )(  per  J 

(  per  Jl 

[  Week';  p 

\  /\  Month  / 

'Day  r 

V  per  Month/ 

144  Hours/Man/Month 


AFM  25-5 


Direct  Manning 


Direct  Manning  Sensitivity.  This  section  illustrates  both  graphi¬ 
cally  and  statistically  the  sensitivity  of  direct  manning  estimates  to 


each  of  the  three  simulation  constraint  types  and  scheduled  sortie  rates. 
The  authors  used  the  Moody  Regression  Program  to  develop  a  regression 
equation  for  each  constraint  type  comparing  AFSC  direct  manning  with 
flying  hours  per  month  (FHPM).  The  accomplished  sortie  rate  (ASR) 
corresponding  to  the  simulation's  scheduled  sortie  rate  was  converted 
into  FHPM  for  the  purpose  of  this  comparison.  Table  VIII  depicts  the 
resulting  ASR  and  FHPM  for  the  three  constraint  types  and  scheduled 
sortie  rates. 


Table  VIII 

Accomplished  Sortie  Rate  (ASR)  and  Flying  Hours  per  Month  (FHPM)  versus 
Constraint  Type  and  Scheduled  Sortie  Rate 


Constraint 

Scheduled  Sortie  Rate 

Type 

.43 

.74 

1.0 

Unconstrained  Parts/ 

.404  ASR 

.697  ASR 

.955  ASR 

Unconstrained  ATS 

806  FHPM 

1444  FHPM 

2037  FHPM 

Constrained  Parts/ 

.406  ASR 

.692  ASR 

.916  ASR 

Unconstrained  ATS 

809  FHPM 

1433  FHPM 

1954  FHPM 

Constrained  Parts/ 

.406  ASR 

.698  ASR 

.904  ASR 

Constrained  ATS 

808  FHPM 

1446  FHPM 

1930  FHPM 
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Figures  17  through  30  depict  the  direct  manning  for  those  AFSC's 
listed  in  Table  I.  These  figures  use  the  Moody  Regression  equations  to 
graphically  illustrate  the  sensitivity  of  direct  manning  to  constraint 
type  and  flying  hours  per  month.  The  figures  also  depict  in  tabular  form 
the  direct  manning  and  95  percent  confidence  intervals  corresponding  to 
each  constraint  type  and  scheduled  sortie  rate. 

Table  VIII  and  Figures  17  througn  30  summarize  the  relationships 
between  scheduled  sortie  rate,  flying  hours  per  month,  accomplished 
sortie  rate,  and  direct  manning.  For  example,  AFSC  431X1  (Flight  Line 
Crew  Chief)  in  Figure  17  requires  76  direct  men  with  a  95  percent  confi¬ 
dence  interval  of  (74-78)  to  achieve  806  FHPM  and  a  .404  ASR  based  on 
unconstrained  parts/ATS  and  a  .43  scheduled  sortie  rate. 
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Figure  18.  AFSC  431X1  (Phase  Inspection)  Direct  Mauoin 
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Figure  19.  AFSC  531X3  (Structural  Repair)  Direct  Manning 
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Figure  21.  AFSC  423X3  (Fuel  Systems)  Direct  Manning 
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Figure  22.  AFSC 
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Figure  24.  AFSC  423X1  (En/i  ronmerita  1  Systems)  Jirect  'Sinning 
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Figure  25.  AFSC  423X2  (egress  Systems)  Direct  Manning 
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Figure  26.  AFSC  326X2B  (Automatic  Flight  Control/ Instrument)  i)i rect  Manning 
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figure  27.  AFSC  326X2A  (Inertial  .Navigation  System/Weapon  Control) 
Di rect  Manning 
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Figure  28.  AFSC  326X2C  (Communications/Navigations/El  ectroni  c  Counter 
Measures)  Direct  Manning 
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Figure  30.  AFSC  326X1C  (Manual  Test  Station)  Direct  Manning 


Manning  Document.  The  authors  used  the  Moody  Manpower  Program  to 
develop  a  complete  basic  manning  document  for  the  maintenance  organiza¬ 
tion  depicted  in  Figure  6  of  Chapter  III.  Additionally,  the  program  was 
used  to  determine  the  total  maintenance  manning  requirements  for  each 
constraint  type  and  scheduled  sortie  rate.  The  Moody  Manpower  Program 
considers  each  AFSC's  minimum  crew  manning  during  the  development  of 
total  manning  requirements.  If  direct  manning  estimates  are  below  the 
respective  minimum  crew  manning,  the  program  uses  the  minimum  crew 
manning  to  determine  total  manning  requirements.  Since  the  LCOM  net¬ 
works  define  minimum  crew  requirements  for  each  maintenance  task,  AFSC 
minimum  crew  manning  remains  constant  for  each  constraint  type  and 
scheduled  sortie  rate.  Table  IX  depicts  the  minimum  crew  manning  for 
each  AFSC.  Figure  31  indicates  the  sensitivity  of  the  F-15  TFTW's 
total  manning  requirements  to  constraint  type  and  scheduled  sortie 
rate.  Figure  32  illustrates  the  basic  manning  document  for  unconstrained 
parts/ATS  at  a  .74  scheduled  sortie  rate. 
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Table  IX 


AFSC  Minimum  Crew  Manning 


AFSC 


Work 

Description 


I  M  1  II  i  i ' : ^ i  . 
|  Crew  Kaiin 


431X1 

431X1 

531X3 

426X2 

423X3 

423X0 

423X4 

423X1 

423X2 

326X23 

326X2A 

326X2C 

326X10 
326X1 C 


Flight  Line  Crew  Chief 
Phase  Inspection 
Structural  Repair 
Jet  Engine 
Fuel  Systems 
Electrical  Systems 
Pneudraul ics 
Environmental  Systems 
Egress  Systems 

Automatic  Flight  Control /Instruments 

Inertial  Navigation  System/Weapon 
Control 

Communi cations/Navigations/El ectrom 
Counter  Measures 

Automatic  Test  Station 


3 1 
24 
10 
48 
10 
10 
10 
10 
10 
10 

10 


lu 

in 


Manual  Test  Station 
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Figure  31.  F-15  TFTW  Total  Manning  Requirements 
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Summary 

This  chapter  contains  a  discussion  of  the  analysis  and  results  of 
the  F-15  TFTW  LCOM  simulation.  The  analysis  section  contains  a  graphical 
and  statistical  interpretation  of  the  simulation's  steady  state  condi¬ 
tions  and  autocorrelation  coefficients.  The  results  consist  of  direct 
manning  estimates  for  each  AFSC  listed  in  Table  I,  their  respective  95 
percent  confidence  intervals,  the  sensitivity  of  these  estimates  to 
variations  in  parts  and  ATS,  and  a  USAF  basic  manning  document  for  the 
F-15  TFTW.  The  Conclusion  and  Recommendation  Chapter  summarizes  the 
results  and  makes  recommendations  concerning  the  thesis  findings. 
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VI.  CONCLUSIONS  AND  RECOMMENDATIONS 


As  stated  in  Chapter  I,  this  thesis  had  three  major  objectives: 
first,  use  LCOM  to  estimate  the  maintenance  manpower  requirements  for  a 
72  U.E.  F-l 5  TFTW;  second,  construct  statistical  confidence  intervals 
for  these  manpower  estimates;  third,  investigate  the  sensitivity  of  main¬ 
tenance  manpower  requirements  to  variations  in  the  availability  of  air¬ 
craft  spare  parts  and  support  equipment.  The  authors  accomplished  these 
objectives  and  presented  their  analysis  and  results  in  Chapter  V.  Fig¬ 
ures  17  through  30  illustrate  each  AFSC's  direct  manning  requirements, 
confidence  intervals,  and  sensitivity  to  constraint  type  and  scheduled 
sortie  rate.  Figure  31  depicts  the  total  manning  requirements  for  a 
72  U.E.  F-15  TFTW  and  the  sensitivity  of  these  requirements  to  constraint 
type  and  scheduled  sortie  rate.  Finally,  Figure  32  contains  a  basic 
manning  document  for  a  72  U.E.  F-15  TFTW  based  on  unconstrained  parts / 

ATS  and  a  .74  scheduled  sortie  rate. 

Conclusions 

This  thesis  has  allowed  the  authors  to  develop  several  noteworthy 
conclusions  concerning  LCOM  manpower  estimation,  in  general,  and  the 
peacetime  model  used  in  this  study.  They  feel  that  these  developments 
will  enable  greater  statistical  accuracy  in  LCOM  manpower  estimates  and, 
therefore,  further  enhance  LCOM's  position  in  the  manpower  community. 

Steady  State.  In  this  study,  the  authors  developed  a  more  efficient 
procedure  for  determining  steady  state  conditions  in  an  LCOM  computer 
simulation.  The  procedure  involved  graphical  and  statistical  analysis 
of  daily  and  weekly  AFSC  manhour  totals  as  described  in  Chapters  IV  and  V. 


Using  this  technique,  the  authors  found  that  the  F-15  TFTW  model  used  in 
this  thesis  exhibited  steady  state  conditions  throughout  the  98  day  simu¬ 
lation  period.  In  those  isolated  instances  found  in  Table  IV  of  Chapter 
V  where  individual  AFSC’s  indicated  transient  behavior,  this  behavior 
disappeared  after  the  first  or  second  week  into  the  simulation  period. 

As  a  result,  output  oata  for  the  entire  simulation  period  was  used  to 
estimate  maintenance  manpower  requirements.  When  contrasted  with  the 
more  common  procedure  of  discarding  the  first  30  days  in  an  LCOM  simula¬ 
tion  (Ref  33:114-115),  the  procedure  used  in  this  study  more  efficiently 
utilizes  computer  run  time  and  allows  equally  accurate  results.  When 
one  considers  that  this  study  required  more  than  25  computer  runs,  the 
overall  savings  in  computer  time  is  significant. 

Autocorrelation.  The  study  used  autocorrelation  analysis  to  develop 
95  percent  statistical  confidence  intervals  for  AFSC  direct  manning  esti¬ 
mates.  The  procedure  allowed  the  authors  to  estimate  maintenance  man¬ 
power  requirements  with  a  very  high  degree  of  statistical  accuracy. 

Based  on  this  procedure,  all  AFSC's  except  two  indicated  a  five  percent 
or  less  variability  in  direct  manning  estimates;  AFSC's  426X2  (Jet  En¬ 
gine)  and  423X3  (Fuel  Systems)  indicated  an  eight  percent  and  nine  per¬ 
cent,  respectively,  variability  in  direct  manning  estimates.  Such 
accuracy  lends  confidence  to  the  LCOM  manpower  estimation  process. 

Model  Validity.  In  order  to  verify  these  procedures,  tne  authors 
compared  the  LCOM  direct  manning  estimates  and  corresponding  statistical 
confidence  intervals  contained  in  Chapter  V  with  estimates  from  three 
other  LCOM  simulation  strategies.  Table  X  illustrates  this  comparison 
using  four  sets  of  manning  estimates  based  on  unconstrained  parts/ATS 


Simulation  Strategy 


2 


431X1 

(Flight  Line  Crew  Chief) 

124(120-128) 

124 

124 

125 

431X1 

(Phase  Inspection) 

20(20-21) 

21 

20 

20 

531X3 

14(13-14) 

13 

13 

13 

426X2 

103(94-112) 

97 

107 

97 

423X3 

16(14-17) 

13 

13 

11 

423X0 

8(7-8) 

7 

7 

a 

423X4 

17(16-19) 

18 

18 

18 

423X1 

10(9-10) 

9 

10 

8 

423X2 

2(2-2) 

2 

2 

2 

i 

326X2B 

10(9-10) 

9 

9 

10 

326X2A 

21(21-22) 

21 

21 

20 

326X2C 

11(10-11) 

10 

11 

11 

326X10 

26(24-27) 

25 

25 

24 

326X1C 

10(9-11) 

10 

11 

11 

ASR 

.697 

.694 

.708 

.692 

Strategy  1  -  98  day  simulation  with  5  day  flying  schedule  and 

day 

maintenance  schedule. 

Strategy  2  -  196  day  simulation  with  5  day  flying  schedule  and  7  day 
maintenance  schedule. 

Strategy  3  -  100  day  simulation  with  5  day  flying  schedule  and  S  day 
maintenance  schedule. 

Strategy  4-98  day  simulation  with  5  day  flying  schedule,  7  day  main¬ 
tenance  schedule,  and  different  random  number  seeds. 
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and  a  .74  scheduled  sortie  rate.  In  this  table,  Strategy  1  reflects  the 
methodology  and  results  contained  in  Chapters  IV  and  V,  respectively. 

The  direct  manning  estimates  from  Strategy  2  were  obtained  using 
methodology  similar  to  Strategy  1  except  the  simulation  period  consisted 
of  196  days  and  the  manning  estimates  were  based  solely  on  the  last  98 
simulated  days.  The  reason  for  doubling  the  simulation  period  was  to 
determine  if  the  authors*  assertions  concerning  the  peacetime  model's 
steady  state  behavior  were,  in  fact,  correct.  Since  the  direct  manning 
estimates  obtained  from  Strategy  2  were  similar  to  the  corresponding 
Strategy  1  estimates,  the  authors  concluded  that  longer  computer  run 
times  did  not  significantly  affect  the  F-15  TFTW  direct  manning  estimates 
This  comparison  confirmed  their  steady  state  analysis  of  the  peacetime 
model . 

In  Strategy  3,  the  direct  manning  estimates  were  based  on  a  100  day 
simulation  period  with  a  concurrent  five  day  flying  and  maintenance  work 
week.  Such  a  scenario  eliminated  weekends  from  the  maintenance  schedule 
and  eliminated  the  opportunity  to  perform  backlogged  maintenance  work  on 
nonflying  days.  During  the  computation  of  direct  manning  under  this 
strategy,  20.99  work  days  per  month  replaced  30.44  work  days  per  month  in 
Equation  (3)  of  Chapter  IV  (Ref  2:Chap.  6,  p.  29).  Although  the  manning 
estimates  from  this  strategy  were  similar  to  those  of  Strategy  1,  the 
authors  concluded  that  higher  scheduled  sortie  rates,  and/or  more  severe 
parts/ATS  constraints  would  cause  bottlenecks  in  the  maintenance  work 
flow  and  produce  erratic  day-to-day  manhours  used  data.  Such  data  would 
cause  transient  behavior  at  the  beginning  of  the  simulation  period  and 
would  require  longer  computer  run  times  in  order  to  achieve  steady  state 
conditions.  Since  actual  peacetime  operations  routinely  schedule  flying 


and  maintenance  activity  Monday  through  Friday  and  permit  weekend  main¬ 
tenance  activity  to  allevaite  backlogged  work,  a  scenario  based  on  a  five 
day  flying  and  seven  day  maintenance  work  week  is  a  logical  simulation 
strategy  for  peacetime  LCOM  studies.  Such  a  strategy  reflects  peacetime 
operations  in  that  maintenance  manpower  only  works  on  weekends  when  there 
exists  a  work  demand  and  permits  efficient  LCOM  estimation  of  peacetime 
maintenance  manpower  over  a  wide  range  of  flying  activity  levels  and  air¬ 
craft  part/ ATS  constraints. 

The  direct  manning  estimates  from  Strategy  4  were  obtained  using 
methodology  identical  to  Strategy  1  and  different  random  number  seeds  in 
the  LCOM  main  program.  The  change  in  random  number  seeds  created  an 
independent  replication  of  direct  manning  estimates;  the  slight  differ¬ 
ences  in  AFSC  manning  estimates  between  Strategies  1  and  4  are  a  normal 
occurrence  in  replicated  data.  At  the  same  time,  this  small  variability 
in  AFSC  direct  manning  between  the  two  replications  supported  the  inter¬ 
nal  validity  of  the  F-15  TFTW  model  used  in  this  study  and  reinforced 
the  authors'  confidence  in  the  F-15  peacetime  model  (Ref  10:204). 

It  should  be  noted  that  the  AFSC  423X3  (Fuel  Systems)  direct  manning 
estimate  in  Strategies  2,  3,  and  4  did  not  fall  within  the  respective 
Strategy  1  confidence  interval.  Additionally,  the  Strategy  4  estimates 
for  AFSC's  423X1  (Environmental  Systems)  and  326X2A  (Inertial  Navigation 
System/Weapon  Control)  did  not  lie  within  the  corresponding  Strategy  1 
confidence  intervals.  The  authors  found  these  deviations  interesting 
but  not  disconcerting.  The  authors  expected  isolated  deviations  in 
direct  manning  estimates  for  two  reasons:  first,  when  direct  manning 
estimates  are  rounded  to  integer  values  in  accordance  with  AFM  25-5  stan¬ 
dards,  two  estimates  such  as  8.61  and  8.62  become  eight  and  nine. 
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respectively;  second,  some  variability  in  replicated  data  is  to  be  ex¬ 
pected.  The  comparison  of  simulation  Strategy  1  witn  Strategies  2,  3, 
and  4  was  intended  to  illustrate,  in  a  general  sense,  that  the  authors 
methodology  was  valid.  The  authors  could  not  completely  explain  the 
lower  estimates  for  AFSC  423X3  in  Strategies  2,  3,  and  4.  However,  they 
do  not  feel  that  the  deviation  of  these  estimates  from  the  Strategy  1 
estimates  was  reason  to  question  the  overall  validity  of  Strategy  1.  If 
there  had  existed  consistent  deviations  among  a  majority  of  the  AFSC 
estimates  in  Strategies  2,  3,  and  4  when  compared  to  Strategy  1,  the 
authors  would  have  questioned  the  validity  of  their  methodology.  However, 
in  general,  just  the  opposite  is  true.  The  majority  of  estimates  in 
Strategies  2,  3,  and  4  agreed  closely  with  the  results  of  Strategy  1. 

Thus,  the  authors  believe  the  comparison  of  simulation  strategies  sup¬ 
ports,  in  a  general  sense,  the  validity  of  their  methodology. 

Manning  Sensitivity.  It  is  apparent  from  Figure  31  in  Chapter  V 
that  F-15  TFTW  total  manning  requirements  were  relatively  insensitive 
to  the  constrained  parts  and  ATS  contained  in  Appendix  E.  Although  total 
manning  requirements  indicated  a  slight  sensitivity  to  parts  and  ATS 
constraints  at  the  1.0  scheduled  sortie  rate,  these  constraints  had 
little  effect  on  total  manning  requirements  at  the  lower  scheduled  flying 
activity  levels.  The  authors  concluded  that  at  and  below  a  .74  scheduled 
sortie  rate  the  spare  part  and  ATS  constraints  contained  in  Appendix  E 
were  sufficient  to  support  the  daily  flying  activity. 

At  the  1.0  scheduled  sortie  rate,  the  spare  parts  and  ATS  con¬ 
straints  could  not  support  the  daily  flying  activity.  As  a  result,  the 
constrained  parts  simulation  required  additional  manpower  to  repair  and/ 
or  cannibilize  aircraft  parts  while  the  constrained  parts/ATS  simulation 
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required  less  manpower  because  a  limited  number  of  men  could  perform 
ATS  functions.  As  Table  VIII  in  Chapter  V  indicates,  these  constraints 
also  had  a  noticeable  effect  on  accomplished  sortie  rate  (ASR)  and  fly¬ 
ing  hours  per  month  (FHPM).  The  authors  concluded  that  more  severe 
part  and  ATS  constraints  would  have  similar  effects  on  the  lower  flying 
activity  levels. 

Individual  AFSC  manning  showed  no  particular  trend  in  sensitivity 
to  constraint  type.  The  AFSC  423X3  (Fuel  Systems)  in  Figure  21  was  the 
most  sensitive  estimate  while  AFSC  431X1  (Flight  Line  Crew  Chief)  dis¬ 
played  the  least  sensitivity.  In  most  cases,  the  AFSC  direct  manning 
confidence  intervals  for  the  .43  and  .74  scheduled  sortie  rates  con¬ 
tained  two  or  more  constraint  type  manning  estimates.  The  authors, 
therefore,  concluded  that,  since  the  modeled  F- 1 5  TFTW  conducts  its 
routine  flying  training  in  the  .43  and  .74  scheduled  sortie  rate  range, 
direct  manning  sensitivity  to  aircraft  spare  part  and  ATS  constraints 
contained  in  Appendix  E  was  statistically  insignificant. 

Recommendations 

As  a  result  of  this  study,  the  authors  have  gained  an  indepth  under¬ 
standing  of  the  LCOM  manpower  estimation  process.  They  believe  this 
experience  qualifies  them  to  make  several  recommendations  concerning 
future  LCOM  studies. 

The  authors  recommend  that  the  LCOM  postprocessor  program  be  modi¬ 
fied  to  provide  time  series  plots  of  AFSC  manhours  used.  These  plots  . 
would  be  similar  to  the  graphs  illustrated  in  Figures  10  through  13  in 
Chapter  V.  This  capability  would  allow  LCOM  users  to  efficiently  deter¬ 
mine  the  steady  state  behavior  of  their  simulation  model.  Tetmeyer 


(Ref  31)  agreed  that  such  a  capability  would  benefit  the  LCGM  community; 
Drake  (Ref  29)  confirmed  the  feasibility  of  such  a  modification.  The 
authors,  therefore,  recommend  that  the  new  version  of  LCOM  (LCOM  II) 
incorporate  this  feature. 

It  is  recommended  that  LCOM  peacetime  studies  use  a  five  day  flying 
and  seven  day  maintenance  work  week.  This  type  of  scenario  reflects 
actual  peacetime  operations  and  permits  efficient  LCOM  estimation  of 
maintenance  manpower  over  a  wide  range  of  flying  activity  levels. 

Finally,  the  authors  recommend  that  the  LCOM  community  use  the 
methodology  described  in  Chapter  IV  to  develop  statistical  confidence 
intervals  for  manning  estimates.  This  procedure  adds  statistical  reli- 
aWlity  to  the  LCOM  estimates  and  provides  decision  makers  with  a  real¬ 
istic  perspective  of  manpower  requirements. 

Future  Work 

The  accomplishment  of  the  authors  stated  objectives  represent  the 
conclusion  of  this  thesis  effort.  However,  the  authors  feel  that  future 
LCOM  studies  should  investigate  the  interaction  of  peacetime  manning 
estimates  with  a  wartime  environment.  For  example,  the  peacetime  man¬ 
ning  estimates  derived  from  this  thesis  should  be  incorporated  into  the 
F-15  wartime  model  in  order  to  measure  the  effect  on  accomplished  sortie 
rate  and  manhour  utilization  rate.  Such  an  effort  would  realistically 
portray  the  conversion  of  a  peacetime  flying  organization  into  a  wartime 
operation  and  give  the  decision  maker  direction  in  determining  potential 
operational  problem  areas. 
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APPENDIX  A 


F- 1 5  TFTW  DATA  BASE 


1.  This  appendix  contains  a  computer  listing  or  tne  F-15  peacetime 
maintenance  data  base.  The  data  base  is  listed  in  LOOM  Extended  Form  11 
format  on  pages  107  through  149.  The  data  base  organ) zation  corresponds 
to  the  LCOM  Extended  Form  11  column  headings  illustrated  in  Figure  A-l. 
Maintenance  manpower  defined  in  the  data  base  networks  is  available  34 
hours  a  day  and  seven  days  a  week.  Tetmeyer  (Ref  33)  describes  in 
further  detail  the  mechanics  of  the  LCOM  Extended  Form  11. 
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2.  The  networks  include  the  following  coding  conventions. 


a.  ACTION  CODES: 

F  -  Failure  Clock. 

T  -  Troubleshoot  On-aircraft. 

X  -  Work  to  Facilitate  Maintenance  (Acess,  Preparation,  etc.). 

A  -  Get  and  Hookup  Aircraft  Ground  Equipment. 

R  -  Remove/Replace  LRU. 

M  -  Repair  On-aircraft. 

V  -  Verify  Systems  Works. 

W  -  Check  and  Repair  In-shop. 

K  -  Check  OK  in  Shop. 

N  -  Check  and  NRTS/Condemn. 

J  -  Aircraft  Handling. 

B  -  Loading/Downloading. 

G  -  Fueling. 

H  -  Flightline  Inspection/Service. 

P  -  Phase  Inspection. 

C  -  Call  Section  (Reference  to  a  sub-network). 

Q  -  Draw  LRU  from  Supply. 

D  -  Decrement  a  Failure  Clock. 

Z  -  Fly  Sortie. 

b.  Task  names  for  unscheduled  maintenance  use  the  appropriate  LRU 
work  unit  code  (WUC).  Task  names  for  general  aircraft  servicing  and  sup¬ 
port  tasks  are  mnemonic  abbreviations  of  the  task  description.  For 
example,  the  task  of  reloading  the  gun  is  named  LDGUN,  and  the  task  of 
servicing  liquid  oxygen  is  named  LOXSV. 
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c.  LCOM  SELECTION  MODES: 

A  -  Non-Mutually  Exclusive  Probability. 

C  -  Call  Section  Reference  to  a  Sub-network. 

D  -  Task  Done  in  Indicated  Order. 

E  -  Mutually  Exclusive  Probability. 

F  -  Task  Done  if  Indicated  Failure  Occurs. 

6  -  Relative  Probability,  Non-Mutually  Exclusive. 

H  -  Task  Not  Done  if  Indicated  Failure  Occurs. 

I  -  Task  Done  Only  if  Cannibalization  is  Required. 

X  -  Task  Done  When  Failure  Occurs  in  Subsequent  Tasks. 

S  -  Sortie  (Externally  Scheduled). 

3.  Task  resource  names  are  the  Air  Force  Specialty  Codes  (AFSC's)  of 
maintenance  personnel,  or  mneomonic  abbreviations  for  ground  support 
equipment.  For  example,  LXCART  indicates  a  liquid  oxygen  service  cart, 
and  D60  indicates  an  M32-60  Ground  Power  Unit.  The  fourth  (skill  level) 
digit  of  the  Air  Force  Specialty  Code  is  replaced  by  an  X,  except  in 
cases  where  a  further  shredout  is  necessary.  Table  A-I  depicts  each  AFSC 
whose  manpower  was  estimated  by  LCOM,  the  corresponding.  LCOM  shredout, 
and  the  work  description. 
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Table  A-I 


LCOM  AFSC  Shredout  Used  in  F-15  Data  Base 
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Work  Description 
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APPENDIX  B 


F-15  TFTW  OPERATIONS  DATA  FILE 

1.  The  operational  scenarios  contained  in  this  appendix  use  scheduled 
aircraft  sortie  rates  of  .43,  .74,  and  1.0.  Each  scenario  schedules 
aircraft  flying  and  maintenance  activity  Monday  through  Friday.  The  same 
schedule  is  repeated  each  week  during  the  simulation. 

2.  Explanation  of  Aircraft  Mission  Names: 

a.  PFLTF  and  PFLTTF  are  dummy  missions  that  make  a  specified  number 
of  corresponding  F-15  and  TF-15  aircraft  unavailable  each  day. 

b.  AAXX  designates  Air-Air  Missions.  The  third  character  defines 
aircraft  type:  one  is  a  TF-15  and  two  is  an  F-15.  The  fourth  character 
defines  the  type  of  aircraft  processing  and  number  of  times  an  aircraft 
flies  each  day:  one  is  preflight  to  thruflight,  two  is  thruflight  to 
thruflight,  three  is  thruflight  to  postflight,  and  four  is  preflight  to 
postflight. 

c.  CONVXX  designates  conversion  missions.  The  fifth  character 
defines  the  aircraft  type:  one  is  a  TF-15  and  two  is  an  F-15.  The  sixth 
character  defines  the  type  of  aircraft  processing  and  number  of  times  an 
aircraft  flies  each  day:  one  is  preflight  to  thruflight,  two  is  thru- 
flight  to  postflight,  three  is  thruflight  to  thruflight,  and  four  is  pre¬ 
flight  to  postflight. 

d.  PHASF  and  PHASTF  are  F-15  and  TF-15  aircraft  scheduled  for  Phase 
Inspection. 

e.  WASHF  and  WASHTF  are  F-15  and  TF-15  aircraft  scheduled  for 
Washing  and  Corrosion  Control  Inspection. 


3.  Explanation  of  Column  Headings: 


a.  TIME  -  Daily  simulation  time  when  an  aircraft  begins  mission 
processing. 

b.  MISSION  -  Mission  name. 

c.  A/C  TYPE  -  self  explanatory. 

d.  SCHED  -  number  of  aircraft  scheduled  for  a  given  mission. 

e.  MIN  -  minimum  number  of  aircraft  required  to  fly  a  given  mission. 

f.  SPARE  -  identifies  preparation  of  spare  aircraft  for  a  given 
mission.  If  the  spare  is  not  used  for  the  mission  it  is  designated  for, 
it  then  becomes  a  spare  for  the  next  mission. 

g.  PRIORITY  -  LCOM  peculiar  code  that  allows  an  order  of  importance 
to  mission  scheduling. 

h.  TAKEOFF  -  scheduled  takeoff  time  24  hour  clock. 

i.  LATENESS  -  time  remaining  after  scheduled  takeoff  time  before 
mission  cancellation. 

j.  SORTIE  LENGTH  -  sortie  length  in  hours  and  minutes. 
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APPENDIX  C 


PERFORMANCE  SUMMARY  REPORTS  AND  MATRICES 


Performance  Summary  Reports  (PSR‘s)  and  on/off  equipment  manpower 
and  backorder  matrices  are  illustrated  in  this  appendix.  These  statistics 
reflect  the  results  of  the  F-15  peacetime  simulation  based  on  uncon¬ 
strained  parts,  unconstrained  avionic  test  stations,  and  a  .74  scheduled 
sortie  rate.  Figures  C-l,  C-2,  and  C-3  describe  the  results  of  the  uncon¬ 
strained  manpower  simulation.  Figures  C-4,  C-5,  and  C-6  contain  output 
statistics  for  the  constrained  manpower  simulation.  Drake  (Ref  7  and  8) 
describes  in  detail  the  statistical  output  of  an  LCOM  simulation. 
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gure  C-l.  Unconstrained  Simulation  Performance  Surnnary  Report 
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Figure  C-4.  Constrained  Simulation  Performance  Summary  Report 
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Figure  C-5.  AFSC  326X2C  on-Equipment  Constrained  Manpower  Backorder  Matrix 


Constrained  Manpower  Backorder  Matrix 


APPENDIX  D 

FAILURE  CLOCKS 

This  appendix  lists  the  LCOM  failure  clocks,  the  respective  mean 
sorties  between  maintenance  action  (MSBMA),  the  decrement  tasks,  and  the 
decrement  values.  The  MSBMA's  are  in  aircraft  sorties  unless  otherwise 
specified.  DCRMT1,  DCRMT2,  and  DCRMT5  are  located  in  the  main  flight 
line  networks.  DCRMT1  advances  the  failure  clocks  prior  to  a  mission 
launch  while  DCRMT2  and  DCRMT5  advance  the  clocks  after  launch.  All 
other  decrement  tasks  are  located  in  the  phase  and/or  corrective  main¬ 
tenance  networks. 

The  cumulative  decrement  values  corresponding  to  certain  failure 
clocks  listed  in  Table  D-I  do  not  equal  one.  This  apparent  inconsistency 
is  corrected  in  respective  corrective  maintenance  network.  Tetmeyer 
(Ref  33)  describes  in  detail  the  procedures  used  in  designing  the 
corrective  maintenance  networks  and  decrementing  the  corresponding  failure 
clocks. 
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Table  D-I 


Failure  Clocks 


LCOM 

CLOCK 

MSBMA 

F11A00 

18 

mm  Mi 

6 

8 

sum 

20 

FUPOO 

22 

102 

125 

F12C00 

25 

F13A00 

11 

F13B00 

26 

F13C00 

164 

F13D00 

65 

F13F00 

178 

F13H00 

237 

F13J00 

19 

F14AA0 

93 

F14AB0 

711 

F14C00 

152 

F14D00 

21 

F14E00 

67 

F14G00 

533 

F14H00 

426 

F23000 

5 

F23100 

42 

F24A00 

44 

F24BOO 

26 

F24D00 

355 

F27000 

5 

F41A00 

20 

F42A00 

67 

F44A00 

20 

F44B00 

267 

F44E00 

305 

F45A00 

112 

F45B00 

133 

F45C00 

23 

F46A00 

32 

F46B00 

355 

F46D00 

305 

F46EOO 

32 

f  47A00 

63 

F49A00 

85 

F51A00 

50 

F51E00 

51 

F51L00 

15 

F51M00 

426 

F51N00 

27 

DECREMENT 


DCRMT1 

DCRMT2 

.02 

.98 

.98 

.02 

.98 

.02 

.98 

.02 

.98 

.02 

.98 

.02 

.98 

.02 

.98 

.09 

.91 

.09 

.91 

.09 

.91 

.09 

.91 

.09 

.91 

.09 

.91 

.09 

.91 

.05 

.95 

.05 

.95 

.05 

.95 

.05 

.95 

.05 

.95 

.05 

.95 

.05 

.95 

.06 

.94 

.06 

.94 

.14 

.86 

.14 

.86 

.14 

.86 

.06 

.94 

.05 

.95 

.16 

.84 

.09 

.91 

.09 

.91 

.09 

.91 

.07 

.93 

.07 

.93 

.07 

.93 

.06 

.94 

.06 

.94 

.06 

.94 

.06 

.94 

.10 

.90 

.06 

.94 

.05 

.95 

.95 

.95 

.95 
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Table  D-I.  Failure  Clocks  (continued) 


MSBMA 

DCRMT1 

F52A00 

35 

.19 

.81 

F55A00 

237 

.99 

F55B00 

65 

.99 

F55C00 

76 

.99 

F55L00 

420 

.01 

F57A00 

21 

.87 

F57L00 

70 

.13 

F63A00 

27 

.91 

F63B00 

25 

.91 

F63L00 

12 

.09 

F65A00 

142 

.98 

F65B00 

58 

.98 

F65L00 

69 

.02 

F71A00 

13 

.93 

F71B00 

305 

.93 

F71C00 

533 

.93 

F71D00 

55 

.93 

F71F00 

52 

.93 

F 71  LOO 

8 

.07 

F74EOO 

164 

.93 

F74F00 

4 

.93 

F74J00 

36 

.93 

F74K00 

18 

.93 

F74L00 

6 

.07 

F75BOO 

51 

1.00 

F75COO 

185 

1.00 

F75D00 

152 

1.00 

F75FOO 

107 

1.00 

F75MOO 

213 

1.00 

F76A00 

18 

.11 

.89 

F76G00 

250 

.11 

.89 

F76H00 

12 

1.00 

FCTANK 

1333 

1.00 

FS11PA 

590 

1.00 

FS13HC 

1500 

1.00 

FS14GC 

590 

1.00 

FS2300 

33 

1.00 

FS23HA 

89 

1.00 

DCRMT3 

FS4700 

60 

1.00 

FS7500 

30 

1.00 

Table  D-I.  Failure  Clocks  (continued) 


LCOM 

CLOCK 

MSBMA 

DECREMENT 

DCRMT5 

F75H00 

FSCGUN 

FSGUNO 

20000  rounds 

15000  rounds 

25000  rounds 

41 . 40  rounds 

41 . 40  rounds 

41 .40  rounds 

DCRMG2 

— 

DCRMG3 

DCRMG7 

FD6000 

9 

.30 

.30 

.40 

DCRMH7 

FTTUOO 


5 


.70 


DCRMTA 


FTSC 


65  demands 


1 . 00  demand 


DCRMTB 


FTSD 


65  demands 


1 . 00  demand 


DCRMTC 


FTSM 


65  demands 


1 .00  demand 


APPENDIX  E 


SPARE  PART  AND  AVIONIC  TEST  STATION  CONSTRAINTS 


Table  E-I.  Spare  Part  Constraints 


Work 

Uni  t 

Code 

Constrained 

Quantity 

■i 

1 

13CA0 

11 

52AB0 

14AA0 

8 

52AC0 

14AB0 

1 

52AL0 

23000 

37 

5  2  AMO 

24AA0 

14 

55AC0 

24B00 

31 

55AD0 

51  ADO 

:6 

55BC0 

51AE0 

23 

55BE0 

51AF0 

11 

55CA0 

51  AGO 

14 

55CBG 

51AH0 

14 

57AAO 

51AK0 

18 

63AG0 

51AL0 

14 

63BC0 

51  AMO 

9 

63BD0 

51EA0 

4 

63BF0 

51  EDO 

9 

63BH0 

51NA0 

6 

65AA0 

51NB0 

10 

65BH0 

52AA0 


7 


71AE0 


AD-A156  540  ESTIMATION  OF  F-15  PEACETIME  MAINTENANCE  MANPOWER 
REQUIREMENTS  USING  THE  <U)  AIR  FORCE  INST  OF  TECH 
WRIGHT-PATTE5S0N  AFB  OH  SCHOOL  OF  ENGI 
UNCLASSIFIED  G  DEGGVANNI  ET  AL  DEC  76  AF IT/G0R/5M/76D-5  F/G  5/9 


NL 


i»y. 


bbk 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS-  1963-A 


Constrained 

Quantity 


71AK0 

71BD0 

71CA0 

71FA0 

71FB0 

71FC0 

71FE0 

74EB0 

74FA0 

74FC0 

74FF0 

74FH0 


20 

6 

7 

9 

10 

11 

9 

12 

14 

16 

14 

16 


Work 

Unit 

Code 


74FK0 

74FQ0 

74FS0 

74FU0 

74JA0 

74JC0 

74KA0 

74KC0 

74KE0 

75BBO 

75HE0 

75MAO 


Constrained 

Quantity 

16 

12 

13 

11 

12 

11 

7 

8 
7 
5 
7 
7 


74FJ0 


14 


75MC0 


5 


Table  E-II 

Avionic  Test  Station  Constraints 


Avionic 

Test  Station 

Job  Description 

Constrained 

Qua  1 i ty 

TSC 

Analog/Oigital  Computer 

Test  Station 

2 

TSO 

Analog/Visual  Computer 

Test  Station 

2 

TSM 


Microwave  Frequency 
Test  Station 


2 
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